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© Conversion of oxygen-containing polyamines. 

® Process for preparing polyalkylene polyamines 
by contacting an alkanolamine, such as, 
ethanolamine, and a reactive nitrogen-containing 
base which is ammonia or a primary or secondary 
amine, in a first reactor to produce an al- 
kyleneamine, such as, ethylenediamine, and an 
aminoalkylalkanofemine, such as, 

aminoethyiethanolamine, in the presence of a cata- 
lyticaily effective amount of an amination catalyst 
and at a temperature and pressure sufficient to form 
the alkyleneamine and aminoaJkylalkanolamine. Then 
the alkyleneamine, aminoalkylalkanolamine, unreac- 
ted alkanolamine and unreacted nitrogen-containing 
base are reacted in a second reactor to produce the 
polyalkylene polyamines, such as, 

diethylenetriamine, in the presence of a catalytlcally 
effective amount of an amination catalyst, such as, a 
reductive amination catalyst or a phosphorus-con- 
taining catalyst, and at a temperature and pressure 
sufficient to form the polyalkylene polyamines. Pref- 
erably the phosphorus-containing catalyst is a Group 



IIIB metal acid phosphate. By controlling the relative 
amounts of the feed components, one can achieve a 
desired molecular weight distribution and range in 
the polyalkylene polyamine product. 



FIG. 1 
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CONVERSION OF OXYGEN-CONTAINING POLYAMINES 



BACKGROUND OF THE INVENTION 

The invention relates to the preparation of 
polyalkylene polyamines. 

U. S. Patent No. 4,463,193 discloses a process 
for preparing predominantly noncyclic polyalkylene 
polyamines. Ammonia or a primary or secondary 
amine is contacted with an alkanolamine compound 
having an amino group and a primary or secondary 
hydroxy group and an alkyleneamine compound 
having two amino groups in the presence of a 
catalytically effective amount of a Group IHB metal 
acid phosphate. A temperature is used which is 
sufficient to effect a reaction among the ammonia 
or amine, the alkanolamine compound and the al- 
kyleneamine compound under a pressure sufficient 
to maintain a substantial amount of the ammonia or 
amine in the reaction zone. The highest conversion 
shown in the examples of U.S. Patent No. 
4,463,193 is 43 percent 

U. S. Patent Nos. 4,111,840 and 4,123,462 
disclose a process for producing ethylenediamine 
by the catalytic amination of monoethanolamine. 
The ethanolamine is reacted with ammonia in the 
presence of hydrogen and a.Ni-Re catalyst com- 
prising rhenium and nickel impregnated on a sup- 
port material, which is alumina, silica, silica-alu- 
mina, diatemaceous earth or silica-titania. The tem- 
perature of the amination reaction is in the range of 
125° to 350 °C, the pressure is 500 to 5,000 
p.s.r.g. and the amount of ammonia present is in 
excess of two times the stoichiometric amount re- 
quired by the ethanolamine. 

U. S. Patent No. 4,209,424 discloses a catalytic 
process in a heterogeneous phase for producing 
ethylenediamine and piperazine from ethanolamine 
and ammonia. The ethanolamine-ammonia reaction 
in the presence of the amination catalyst is con- 
ducted at a temperature between 170° and 260 °C. 
and at a pressure between 50 and 300 bars ab- 
solute. The ethanolamine, ammonia, and hydrogen 
are introduced into the reactor in quantities such 

that the ammnnia^fhflnnhmina mnino w-*i:~. 

tween 5 and 40 and the hydrogen flow rate is 
between 5 and 200 ni per mole of ethanolamine. 
The amination catalyst has at least one active 
metal from the group of transition metals consisting 
of nickel, cobalt and copper, uniformly combined 
with a refractory microporous substance. 

U.S. Patent No. 4,314,083 discloses a process 
for selectively preparing predominantly noncyclic 
polyalkylene polyamine compounds which are dis- 
closed wherein an alkylene polyamine compound is 
contacted with an hydroxy compound in the pres- 



ence of a catalytically effective amount of a salt of 
a nitrogen or sulfur containing substance or the 
corresponding acid at a temperature of from 250° 
to 300 °C. under a pressure sufficient to maintain 

5 the reaction mixture essentially in liquid phase. The 
polyalkylene polyamine thus formed is recovered 
from the reaction mixture. 

U.S. Patent No. 4,362,886 teaches a process 
for selectively preparing predominantly noncyclic 

70 polyalkylene polyamine compounds which is dis- 
closed wherein an alkylene polyamine compound is 
contacted with a hydroxy compound in the pres- 
ence of a catalyticalfy effective amount of a sub- 
stance of arsenic, antimony or bismuth at a tem- 

75 perature of from 250° to 300 °C. under a pressure 
sufficient to maintain the reaction mixture essen- 
tially in liquid phase. The polyalkylene polyamine 
thus formed is recovered from the reaction mixture. 

20 BROAD DESCRIPTION OF THE INVENTION 

The invention provides processes for preparing 
polyalkylene polyamines wherein the selectivity of 
noncyclics to cyclics is excellent and can be con- 
25 trolled and varied. The invention also provides pro- 
cesses for preparing polyalkylene polyamines 
wherein the molecular weight distribution and range 
can be controlled. 

Broadly the invention involves a process for 
so preparing poiyaikylenepolyamines from a feed 
composed of (i) an alkanolamine having at least 
one amino group, (ii) an alkyleneamine having at 
least two amino groups, (w) an oxygenated organic 
amine compound other than the alkanolamine (r). 
35 and (iv) a reactive nitrogen-containing base se- 
lected from the group consisting of ammonia or a 
primary amine or a secondary amine. The al- 
kanolamine, alkyleneamine, oxygenated amine 
compound and said reactive nitrogen-containing 
40 base are contacted in a reaction zone to produce 
the polyalkylene polyamines in the presence of a 
an amination catlyst, such as, catalytically effective 
amount of a reductive amination catalyst or a 
phosphorus-containing catalyst and at a tempera- 
45 ture and pressure sufficient to form the polyal- 
kylene polyamines. 

The invention more preferably involves a pro- 
cess for preparing polyalkylene polyamines from a 
feed composed of (i) an alkanolamine, (ii) an al- 
so kylenediamine, (iii) aminoalkylaikanoiarnine and - 
(iv) a reactive nitrogen-containing base selected 
from the group consisting of ammonia, a primary 
amine and a secondary amine. The alkanolamine, 
aJkylenediamine, aminoalkylaikanoiarnine and reac- 
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tive nitrogen-containing base are contacted in a 
reaction zone to produce the poiyalkylene 
polyamines in the presence of a catalytically effec- 
tive amount of a "reductive ami nation catalyst or a 
phosphorus-containing catalyst and at a tempera- 
ture and pressure sufficient to form the poiyal- 
kylene polyamines. Typically the alkanolamine is 
ethanolamine, the alkylenediamine is 
ethylenediamine, the aminoalkylalkanolamine is 
aminoethylethanolamine and ammonia is used. The 
process converts the aminoethylethanolamine with 
ammonia into diethylenetriamine and with 
ethylenedi amine into triethyienetetramine -both pro- 
ducts are valuable commodities. The AEEA is also 
, converted to piperazine. 

The reaction is preferably conducted in the 
vapor phase or the supercritical phase, but can be 
.conducted in the liquid phase. Preferably the liquid 
1 hourly space velocity of the reactants in the reac- 
tion is between 1 and 25 per hour. The reaction 
most preferably is conducted at a temperature be- 
tween about 260° and 300°C. when a phosphorus- 
containing catalyst is used, and is preferably con- 
ducted at a temperature of 150° to 235°C. when a 
reductive amination catalyst is used. The reaction 
pressure is preferably between about 200 and 
2,000 p.s.i.g. A gaseous diluent can be used in the 
reactor. 

The invention also broadly includes a process 
for preparing poiyalkylene polyamines which in- 
cludes contacting (i) an alkanolamine having at 
least one amino group and 00 a reactive nitrogen- 
containing base selected from the group consisting 
of ammonia, a primary amine and a secondary 
amine, and/or ah alkyleneamine having at least two 
amino groups, in a first reaction zone to produce 
an alkyleneamine having at least two amino groups, 
and an oxygenated organic amine compound other 
than said alkanolamine (i), in the presence of a 
cataJytically effective amount of a reductive amina- 
tion catalyst and at a temperature and pressure 
sufficient to form the alkyleneamine and the ox- 
ygenated organic amine compound and at least a 
part of said reaction product stream (b) comprising 
alkyleneamine, oxygenated organic amine com- 
pound, unreacted alkanolamine and unreacted re- 
active nitrogen-containing base are contacted in 
another reaction zone to produce the poiyalkylene 
polyamines in the presence of a catalytically effec- 
tive amount of an amination catalyst, such as, a 
reductive amination catalyst or a phosphorus-con- 
taining catalyst, and at a temperature and pressure 
sufficient to form the poiyalkylene polyamines. 



The invention preferably involves a process for 
preparing poiyalkylene polyamines which includes 
first contacting (i) an alkanolamine having at least 
one amino group and (ii) a reactive nitrogen-con- 

5 taining base selected from the group consisting of 
ammonia, a primary amine and a secondary amine 
and/or an alkyleneamine having at least two amino 
groups, in a first reaction zone to produce an 
alkyleneamine having at least two amino groups 

10 and an aminoalkylalkanolamine in the presence of 
a catalytically effective amount of a reductive 
amination catalyst and at a temperature and pres- 
sure sufficient to form the alkyleneamine and said 
aminoalkylalkanolamine. Typically the alkanolamine 

75 is ethanolamine, the alkyleneamine is 
ethylenediamine, ammonia is used and the 
aminoalkylalkanolamine is aminoethylethanolamine. 
The aminoalkylalkanolamine, alkyleneamine, un- 
reacted alkanolamine and unreacted reactive 

20 nitrogen-containing base are contacted in another 
reactor to produce the poiyalkylene polyamines in 
the presence of a catalytically effective amount of 
an amination catalyst, such as, reductive amination 
catalyst or a phosphorus-containing catalyst, and at 

25 a temperature and pressure sufficient to form the 
poiyalkylene polyamines. All or part of the feed 
from the first reactor can be fed to the second 
reactor. 

The use of two reactors in series allows the 

so economical production of poiyalkylene polyamines 
having at least four carbon atoms without the nor- 
mal problems encountered by the prior art pro- 
cesses. Whereas U.S. Patent No. 4,463,193 specifi- 
cally discloses achieving a maximum of 43 percent 

35 conversion in its examples, this invention's use of 
two reactors in tandem can often provide conver- 
sions of 80 mole percent or higher. The reaction 
feed from the first reactor to the second or another 
reactor contains alkyleneamine(s), such as, 

ao ethylenediamine, plus alkanolamines, such as, 
aminoethylethanolamine. The use of the two reac- 
tors in series saves on energy and equipment 
because the alkyleneamine does not have to be 
refined to remove MEA and ammonia before it is 

45 fed into the second reactor. Of course, not all of 
. the reaction stream from the first reactor has to be 
fed into the second reactor -the diverted portion of 
such reaction stream could be refined to remove, 
for example, the alkyleneamine. If desired, for ex- 

50 ample, a separator or reactor can be used between 
the two noted reactors. 

A higher quality poiyalkylene polyamine prod- 
uct is obtained if some of the alkyleneamine is 
consumed in the second reactor as opposed to 

55 running the second reactor in a mode of zero 
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consumption of the alkyleneamine. Hydrogen can 
be used in the second reactor or both reactors to 
provide high quality poiyalkyfene polyamine pro- 
ducts. 

Preferably the first reaction is conducted in the 
vapor phase or the supercritical phase, but can be 
conducted in the liquid phase. A gaseous diluent 
can be added to the first reactor. 

In the first reactor, preferably the mole ratio of 
the ammonia to the alkanolamine is at least 20:1 .25 
to 0.6:20, typically between 20:1 and 0.6:20, as this 
provides higher selectivity of the noncyclic polyal- 
kylene polyamines over the cyclic polyalkylene 
polyamines in the final product. The first reaction is 
conducted preferably at a temperature of 150° to 
235°C. and most preferably at a pressure between 
200 and 2,000 p.sJ.g. Preferably the liquid hourly 
space velocity of the reactants in the first reactor is 
between 1 and 25 per hour. 

The catalyst used in the first reactor is a reduc- 
tive amination catalyst, most preferably a nickel- 
rhenium -boron catalyst comprising rhenium, boron 
and nickel impregnated on a support material 
which is alumina, silica, silica-alumina, dia- 
tomacequs earth or silica-titan ia. 

The conditions and catalysts used in the sec- 
ond catalyst' in the series is the same as those for 
the just-above described first reactor of this em- 
bodiment of the invention. Preferably the second 
reactor is run at a lower pressure than in the first 
reactor. When a phosphorus-containing catalyst is 
used in the second reactor, the temperature is 
most preferably between 260° and 300 °C. 

The invention also involves a process for af- 
fecting the molecular range and distribution of 
poiyaikyline polyamines prepared from a feed com- 
posed of an alkanolamine and ammonia or a pri- 
mary amine or a secondary amine. The process 
uses the above-described system of using two 
reactors in series. The product feed from the sec- 
ond reactor is sent to a separation stage where the 
alkyleneamine is separated as a separate compo- 
nent, the alkanolamine is separated as a separate 
component and the polyalkylene polyamines are 
separated as a separate component. 

By recycling at least part of the separated 
alkanolamine to the first reactor the molecular 
range and distribution of the polyalkylene 
polyamines produced in the second reaction can 
be affected as desired. A high ratio of mon- 
oethanolamine to ammonia in the first reactor in- 
creases the production of ethylenediamine in the 
first reactor. Likewise, by recycling at least part of 
the separated alkyleneamine to the first reactor, the 
molecular range and distribution of the polyal- 
kylene polyamines produced in the second reaction 
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can be affected as desired. A high ethylenediamine 
feed to the second reactor increases the production 
of diethylenetriamine- (n the second reactor. Feed- 
ing diethylenetriamine to the second reactor pro- 
s vides a broader range of polyalkylene polyamines 
produced. 

Any suitable separation method can be used, 
but preferably the separation is conducted using 
distillation. Most preferably the separation is con- 

w ducted using a fractional distillation column with the 
polyethylene polyamines coming off of the bottom 
of the column and with the alkanolamine and the 
alkyleneamine coming off in the top portion of the 
column as separate components. 

75 The recycle of the alkanolamine and/or al- 

kyleneamine allows the tailor-making of the polyal- 
kylene polyamine product as concerns its molecu- 
lar weight distribution and range. Such recycling 
also allows the consumption of at least some of the 

20 EDA in the second reactor of the EDA which has 
been produced" in the first reactor -this EDA con- 
sumption mode produces a better quality product 
over a no-EDA consumption mode. The use of the 
two-reactors-in-series scheme allows a total con- 

25 version of 80 to 90 mole percent of the starting 
alkanolamine, and provides high selectivity be- 
tween DETA and PIP. The recycle of EDA to the 
second reactor provides increased conversion of 
MEA in the second reactor. 

30 The invention also broadly involves a process 

for affecting the molecular range and distribution of 
polyalkylene polyamines, which involves contacting 
(i) an alkyleneamine having at least two amino 
groups, (ii) an alkanolamine having - at least one 

35 amino group, and/or a reactive nitrogen-containing 
base selected from the group consisting of ammo- 
nia, a primary amine and a secondary amine, and 
(Hi) a stream containing an oxygenated organic 
amine compound other than tine alkanolamine, in a 

40 reaction zone in the presence of a cataryticalry 
effective amount of an amination catalyst, such as, 
a reductive amination catalyst, or a phosphorus 
containing catalyst and at a temperature and pres- 
sure sufficient to form the polyalkylene polyamines. 

45 If desired, at least a part of the reaction stream can 
be recycled to serve as feed to the reactor. The 
alkyleneamine as a separate component, the al- 
kanolamine as a separate component, a separate 
feed containing the oxygenated organic amine 

so compound, and/or the polyalkylene polyamines as 
a separate component can be separated from the 
reaction stream. At least part of the separated 
alkanolamine can be recycled to the reaction zone 
to affect the molecular range and distribution of 

55 said polyalkylene polyamines product in the reac- 
tion. Also, at least part of the separated al- 
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kyleneamine can be recycled to the reaction zone 
to affect the molecular range and distribution of the 
polyalkylene polyamines produced in the reaction 
as desired. Further, at least part of the separated 
stream of containing said oxygenated organic 
amine compound can be recycled to the reaction 
zone to affect the molecular range and distribution 
of the polyalkylene polyamines produced in the 
reaction. 

The oxygenated organic amine is preferably an 
aminoalkylalkanolamine, which preferably is 
aminoethylethanolamine. When AEEA is recycled, 
often 2 to 20. preferably 5 to 10; mole percent, 
based on the MEA feed, of the AEEA is recycled to 
produce di-and tri-poly-ethylene polyamines. 

The feed for the above reactor can be obtained 

• from another reactor wherein (i) an aikanoiamine 
having at least one amino group and (ii) a reactive 
nitrogen-containing base selected from the group 
consisting of ammonia or a primary amine or a 
secondary amine, and/or an alkyleneamine having 
at least two amino groups, are contacted, to pro- 
duce an alkyleneamine having at least two amino 
groups and an oxygenated organic amine com- 
pound (which is different than the aikanoiamine), 
such as, an aminoalkylalkanolamine, in the pres- 
ence of a catalytically effective amount of a reduc- 

• tive amination catalyst and at a temperature and 
pressure sufficient to form the alkyleneamine and 
the oxygenated organic amine compound. 

A feed containing an oxygenated organic 
amine compound can be fed to the first or second 
or both of the reactors. Such a feed can be sepa- 
rated from or can be the reaction product stream 
from the second reactor. 

The invention further involves a process for 
obtaining a specified molecular range and distribu- 
tion of polyalkylene polyamines prepared from a 
feed composed of (i) an aikanoiamine having at 
least one amino group, (ii) an alkyleneamine having 
at least two amino groups, (iii) a reactive nitrogen- 
containing base selected from the group consistng 
of ammonia, a primary amine and a secondary 
amine and (iv) an oxygenated organic amine com- 
pound, such as, aminoalkylalkanolamine. The ai- 
kanoiamine, alkyleneamine, oxygenated organic 
amine compound and reactive nitrogen-containing 
base are contacted to produce the polyalkylene 
polyamines in the presence of a catalytically effec- 
tive amount of an amination catalyst, such as, a 
reductive amination cataiyst or a phosphorus-con- 
taining catalyst, and at a temperature and pressure 
sufficient to form the polyalkylene polyamines. Be- 
fore and/or during the reaction step, the Amount of 
the aikanoiamine and alkyleneamine in the feed, 
relative to each other, are adjusted to provide the 
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specified molecular range and distribution of the 
polyalkylene polyamines formed in the reaction. 
The oxygenated organic amine .'compound can be 
likewise added. 

s in this four component feed embodiment, when 

the MEA content is lowered and the EDA content is 
raised, more DETA is produced. When. the MEA is 
increased and the EDA is lowered, more AEEA is 
produced. When the NH 3 is increased and the 

70 other components are held steady, more EDA and 
DETA are produced. When the AEEA content is 
increased and the other components are held 
steady, the amount of TETA produced is increased. 
As more DETA is produced, more AEEA and PIP 

75 are produced. As the space velocity is increased, 
the conversion to PIP is slowed down. As the 
reaction temperature is increased, more PIP is pro- 
duced. 

The invention also includes a process for the 
20 production of higher molecular weight polyalkylene 
polyamines from a feed which includes oxygen- 
containing higher molecular weight polyalkylene 
polyamines. Such feed containing the oxygen-con- 
taining higher molecular weight polyalkylene 
25 polyamines is contacted with an alkyleneamine 
having at least two amino groups in the presence 
of a catalytically effective amount of an amination 
catalyst, such as, a- reductive amination cataiyst or 
a phosphorus-containing catalyst, at a temperature 
30 and pressure effective to produce the higher mo- 
lecular weight weight polyalkylene polyamines. 
Preferably higher molecular weight polyethylene 
polyamines having at least four amino groups 
which are produced. 

35 

BRIEF DESCRIPTION OF THE DRAWINGS 
In the drawings: 

Figure 1 is a schematic diagram of a preferred 
40 embodiment of the process of the invention; 

Figure 2 is a. schematic diagram of another 
preferred embodiment of the process of the 
invention; and 

Figure 3 is a schematic diagram of a further 
45 preferred embodiment of the invention. 



DETAILED DESCRIPTION OF THE INVENTION 

so As used herein, all parts, percentages, ratios, 

and proportions are on a weight basis and all 
temperatures are in degrees Centigrade, unless 
otherwise stated or otherwise obvious herefrom. 

55 
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Also as used herein, the term "ethanolamine" spe- 
cifically means monoethanofam ine unless otherwise 
indicated or implied herein. U.S. Sieve Series mesh 
sizes are used herein. 



The* alkyleneamine having at least two amino 
groups is preferably an unbranched alkylene moi- 
ety, such as, ethylenediamine, and preferably has 
primary amino groups. The alkanoiamine preferably 
s has a primary or secondary hydroxyl moiety and 
preferably amino group(s). Preferably, the al- 
kanoiamine has an unbranched alkylene moiety. 

The alkanoiamine compounds used in the in- 
vention process include those represented by the 
to formula: 



R f 2 N 



H 
I 

(-c 

I 

R 



R 
I 




H 



(-C 



) OH 
x 



wherein R is hydrogen or a lower alkyi (C, to C«) 
radial, R' is hydrogen or an alkyi (C, to C^) radical, 
x is a number from 2 to 6, and y is a number from 
0 to 3. Examples of suitable alkyi radicals are the 
lower (C, to C*) alkyls, such as, methyl, ethyl and 
butyl, and higher alkyls, such as, octyl, decyl and 
octadecyf. Methyl- is the preferred lower alkyi radi- 
cal. However, it is preferred that R and R f both are 
hydrogen; thus the atkan of amine would contain a 
primary amino group. Examples of useful al- 
kanoiamine compounds are the ethanoJamines, 



isomeric propanolamines, N-{2-aminoethyl) 
ethanolamine, N-methyiethanoIamine, N,N- 
dimethylethanolamine, N,N,N'- 
trimethyiaminoethylethanolamine and the like. Re- 
cycle of at least a portion of the unreacted al- 
kanoiamine recovered from the product stream to 
the first reactor, allows control of the molecular 
weight distribution and range of the produced 
polyaikylene poiyamines. 

The alkyleneamine reactants used in the inven- 
tion process are represented by the formula: 



R* 2 N 



H 
I 

C 
I 

R 



<-C - 



R 

I 



wherein R is hydrogen or a lower alkyi (C, to C«) 
radical, R* is hydrogen or an alkyi (C, to C*) 
radical, x* is a number from 2 to 6, and y" is a 
number from 1 to 4, Examples of suitable alkyi 
radicals are the lower (C, to C*) alkyls, such as, 
methyl, ethyl and butyl, and higher alkyls, such as, 
octyl, decyl and octadecyl. It is preferred that R 
and R* are both hydrogen. The preferred lower 
alkyi radical is methyl. Examples of useful al- 
kyleneamine compounds are 1 ,3-propylenediamine, 
N-rhethylpropylenediamine, 1 ,2-propylenediamine, 
diethylenetriamine, tribuiyienetetraamine, 
triethyiethyienetetraamine, N.N.N'-trimethyl- 
diethylenetriamine, noncyclic isomers of 
triethyienetetramine, noncyclic isomers of 



tetraethylenepentamine, N-methylethylenediamine, 
N,N-dimethylethylenediamine and ethylenediamine, 
which is the preferred alkyleneamine compound. 
Recycle of at least a portion of the aikylenediamine 
separated from the product stream to the second 
reactor allows control of the molecular weight dis- 
tribution and range of the produced polyaikylene 
poiyamines. 

Oxygenated organic amine compounds include 
organic amine compounds containing at least one 
hydroxyl group and/or at least one ether group. 
The described alkano (amines are included with the 
oxygenated organic amine compounds as long as 
the oxygenated organic amine compounds are dif- 
ferent therefrom when one of such alkanolamines 
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are expressly specified as a feed member. The 
preferred oxygenated organic amine compounds 
are the aminoalkylalkanolamines, such as, 
aminoethyiethanolamine. 



The oxygenated organic amine compounds can 
be compounds having the formula: 



R 1 R 
CH-CH 



X-N 



N-CH 2 CH 2 Y 



CH-CH 
R' R 



or compounds having the formula: 



75 




N-CHR'CHR' Y 



wherein R- is hydrogen, an alkyl group containing 1 
to 12 carbon atoms or a cycioalkyl group contain- 
ing 6 to 12 carbon atoms, R f is hydrogen or an 
alkyl group containing 1 to 4 carbon atoms, R" is 
hydrogen or -CHR'CHR'Y, X is hydrogen or - 
CH 2 CH 2 Y and Y is -OH. 

Examples of the oxygenated organic amine 
compounds are aminoethyiethanolamine, N-(2- 
hydroxyethyl)ptperazine, N, N-di (hydroxy ethyl)- 
piperazine, N-(hydroxy ethyl)-2-methylpiperazine, 
N,N\-di(hydroxyethyl-2-methylpiperazine, N- 
(hydroxyethyl)-2-ethylpiperazine, N,N'-di- 
(hydroxyethyl)-2-ethylpiperazine, N-(hydroxy ethyl )- 
2-butylpiperazine, N, N-di (hydroxy ethyl )-2-butyl- 
piperazine, . N-(hydroxyethyl)-2-dodecyipiperazine, 
N-(hydroxyethyl)-2-cyclohexylpiperazine, N- 



(hydrpxyethyl)-2-hexylcyclohexylpipera2ine, N,N'- 
di(hydroxyethyl)-2,5-dimethylpiperazine, N- 

30 (hydroxyethyl)-2,3,5,6-tetramethylpiperazine, N,N'- 
di(hydroxyethyl)-2,5-dimethylpiperazine, N- 
(hydr6xyethyl)-2,5-diethylpiperazine, 
aminopropylethanolamine, aminopropyl- 
propanolamine, N-(hydroxyethyl)diethy!enetriarhine, 

3 5 N-(hydroxypropyl)diethylenetriamine, N-2-hydrox- 
ybutyl)diethyienetriamine, N-(hydroxyethyl)- 
dipropylenetriamine, N-(hydroxypropyl)- 
dipropylenetriamine, N-(2-hydroxybutyl)- 
dipropylenetriamine and morphoiine. 

40 Ammonia and the preferred primary and sec- 

ondary amines which are used in the invention 
process are represented by the formula: 

45 

■M — H 
I 

R» 



wherein R' is hydrogen or an alkyl (C, to Ck) 
radical, preferably a lower alkyl (C, to C») radical, 
such as methyl or ethyl. Useful amine feestocks 
include monomethylamine, dimethylamine, mon- 
oethylamine, diethylamine, octylamine and oc- 
tadecyiamine. The ammonia or amine can act as 



both a reactant and a diluent (when excess of it is 
present) in the invention process. When ammonia 
is used, the mole ratio of ammonia (or the primary 
amine or the secondary amine) to the reactants is 
usually in the range of 20:1 to 0.6:20 and prefer- 
ably in the range of 20:1.25 to 1:1. 
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Noncyclic poiyalkylene poiyamines that are 
produced by the reaction of (a) alkanolamine and 
alkylenediamine or, (b) ammonia, an aikyieneamine 
and an alkanolamine or (c) ammonia and an al- 
kanolamine are represented by the formula: 5 




H 
I 

C 
I 



H 
I 



■H 



15 



wherein R is hydrogen or a lower alky I (C, to C 4 ) 
radical, preferably a methyl radical, X is a number 
from 2 to 6, Y is a number from 2 to 7, and X can 
vary for a given value of Y. Examples of such 
noncyclic poiyalkylene poiyamines that are pro- 
duced are dipropylenetriamine, 
tributyfenetetramine, di(2-methylethylene)triamine, 
tri(2-methylethylene)tetramine, N-(2-aminoethyI)1 ,3- 
propyienediamine, diethylenetriamine, the 

noncyclic isomers of triethylenetetramine and the 
noncyclic isomers of tetraethylenepentamine. 



20 



25 



I-N 



R f R 
CH-CH 

CH-CH 
R 1 R 



Noncyclic poiyalkylene poiyamines include 
poiyalkylene poiyamines having straight-chained 
and branched alkylene groups. 

Cyclic poiyalkylene poiyamines that are pro- 
duced by the reaction of (a) an aikyieneamine and 
an alkanolamine or (b) ammonia, an aikyieneamine 
and an alkanolamine* or (c) an alkanolamine and 
ammonia are represented, for example by the fol- 
lowing formula: 



N-CH 2 CH 2 Y 



35 



wherein R is hydrogen, an alkyl group containing 1 
to 12 carbon atoms or a cycloaJkyl group contain- 
ing 6 to 12 carbon atoms, R' is hydrogen or an 
alkyl group containing 1 to 4 carbon atoms. X is 
hydrogen or -CH 2 CH 2 Y and Y is -OH or -NH 2 . 

Examples of cyclic poiyalkylene poiyamines 
are pierazine, N-(2-hydroxyethyl)piperazine, N,N-di- 
(hydroxyethyl)piperazine, N-(hydroxyethyi)-2- 
meihyipiperazine, N,N, s -di(hydroxyethyi-2-methyi 
piperazine, N-(hydroxyethy l)-2-ethylpiperazine B 
N.N'-di^ydroxyethyl^-ethylpiperazine, N- 
(hydroxyethyl)-2-butylpiperazine, N,N-di- 
(hydroxyethyI)-2-butylpiperazine, N-(hydroxyethyl)- 
2-dodecylpiperazine, N-(hydroxyethyl)-2-cyclohex- 
ylpiperazine, N-(hydroxyethyl)-2-hexycyciohexyl- 
piperazine; N,N r -(dihydroxyethyI}-2,5-dimethyi- 
piperazine, N-(hydroxyethyi)-2,3,5,6-tetramethyi- 
piperazine, N,N f -di(hydroxyethyl)-2,5-dimethyl- 



40 



4& 



50 



piperazine, N-(hydroxyethyl)-2,5-diethylpiperazine, 
N-{hydroxyethyl)diethyIenetriamine, N- 
(hydroxypropyl)diethyienetriamine, N-(2-hydrox- 
ybutyl)dipropy!enetriamine and morpholine. 

The phrase "predominantly noncyclic poiyal- 
kylene poiyamines" is meant to mean that such 
poiyalkylene poiyamines are mostly of the non- 
cyclic species. 

Use of secondary amines instead of ammonia 
leads to poiyalkylene poiyamines containing termi- 
nal dialkylamino groups. Alternatively, use of pri- 
mary amines instead of ammonia leads to 
poiyamines which contain randomly distributed 
monoaikylamino groups. 

Generally, the mole ratio of the aikyieneamine 
to the alkanolamine can range from about 0.05:1 to 
12:1, preferably is about 4:1 to 1:4, and most 
preferably is about 1:1. 



55 
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In the reactor, the temperature for the reaction 
depends upon the particular starting material, ratios 
of 

reactants, and most importantly, the activity of the 
catalyst used. In the process of the invention, gen- 
erally the reaction temperature is within the range 
of 125° to 425 °C. When a reductive amination 
catalyst is used, preferably the reaction tempera- 
ture range is 150° to 235 °C. When a phosphorus- 
containing catalyst is used, the reaction tempera- 
ture is preferably 220° to 350 °C: and most prefer- 
ably 260° to 300 °C. 

The pressure at the time of reaction should 
normally be within the range from about 50 to 
about 4,000 p.s.i.g., preferably greater than 100 
p.s.i.g. and most preferably from about 200 to 
about 2,000 p-sJ.g. The reaction is best conducted 
at a temperature high enough to keep the reactants 
above their dew point. This may also mean at a 
pressure (first defined by the temperature) which 
expresses the first quadrant using the critical point 
of the origin. Normally a diluent, such as, hy- 
drogen, methane, water, nitrogen, helium and ar- 
gon, can be added to increase the pressure in a 
batch reactor and the volumetric flow in a fixed bed 
reactor. 

The reaction is preferably conducted in the 
vapor phase or the supercritical phase, although 
the reaction can be conducted in the liquid phase. 
The liquid hourly space velocity of the reactants is 
between about 0.1 and about 100 per hour and 
preferably between about 1 and about 25 per hour. 

By reaction zone is meant that vessel, e.g., 
autoclave, continuous stirred tank reactor or packed 
bed reactor, in which the catalyst is located and 
production of polyalkylene polyamines is effected. 

Although the reactions can be carried out in the 
batch mode, they are preferably conducted as con- 
tinuous processes through a bed of particulate 
catalyst, for example, operation of a continuously 
stirred tank reactor or a packed (fixed) bed reactor. 
The continuous process is carried out by employ- 
ing conventional process techniques and apparatus 
well known to those skilled in the art. In the con- 
tinuous reaction processes, the catalyst can be 
added alone or in combination with the reactants, 
or, as stated above, the catalyst can be provided 
as a fixed bed on conventional support materials 
well known to those skilled in the art. The reaction 
is allowed to proceed until a desired conversion is 
obtained or the reaction is complete. Normally the 
reaction is carried out within about 0.5 to 5 hours in 



the batch mode or residence times (based on the 
ethylenediarnine and ethanolamine components) of 
0.1 to 4.0 hours in a continuous mode for practical 
levels of polyalkylene polyamine production. 

5 The reactor can be an up-flow or down-flow 

reactor and can have a fluidized bed or, most 
commonly, a fixed bed. The catalyst bed can con- 
tain inert particles which can be interspersed 
throughout the bed and/or form discrete layers, 

10 e.g., at an end or intermediary to the bed. The 
volume of the reaction zone containing such inert 
particles is the reaction zone volume for purposes 
of determining the feed rate. Preferably, the space 
velocity should not be so high that for the reactor 

75 geometry, a significant amount of backmixing oc- 
curs: Advantageously, the flow through the catalyst 
bed is substantially plug-type flow. 

The catalysts used in the invention are het- 
erogeneous catalysts. The catalysts are used in an 

20 amount of 0,1 to 12 weight percent, preferably 0.5 
to 10 weight percent, and most preferably 2 to 7_ 
weight percent, based on the total weight of the 
reactants. 

Any suitable or conventional reductive amina- 
25 tion catalyst can be used in the first and/or second 
reactor. When a reductive amination catalyst is 
used, the reactor feed can include hydrogen. Pref- 
erably 4 to 12 mole percent; typically about 2 to 20 
• mole percent, based on the total moles of one of 
30 the reactants, preferably the most prevalent 
nitrogen-containing reactant, e.g., ammonia, is 
used. 

Reductive amination catalysts are well known 
in the art and usually comprise the metal or oxide 

35 or one or more of nickel, copper, cobalt, iron and 
the like as the active species. Other compounds 
which can find use in such catalysts include the 
metal, oxide or salt of one or more of chromium, 
lanthanum, lithium, potassium, cesium, cerium, 

40 ruthenium, rhodium, palladium, platinum, rhenium, 
iridium, silver, zinc, titanium, manganese and bo- 
ron. Often the catalysts are of the Raney nickel- 
type or Raney cobalt-type, or are supported cata- 
lysts. Many of the catalysts are preferably activated 

45 at elevated temperature in a hydrogen atmosphere. 
Particularly desirable catalysts comprise nickel as 
the catalytically-active species. 

The preferred reductive amination catalysts are 
those which are' nickel on a catalyst support ma- 

50 terial and the most preferred are those which are a 
mixture of nickel and rhenium impregnated on var- 
ious support materials including alumina, silica, 
silica-alumina, kieselguhr or diatomaceous earth 
and silica-titania. Preferably the mole ratio of the 

55 nickel to the rhenium is the range of from 2:1 to 
about 30:1 and the total nickel and rhenium metal 
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present is in the range of 3 to 30 percent by weight 
of the support. Such cataJysts can be prepared by 
the methods taught in U.S. Patent Nos. 4,111,840 
and 4,123,462, the pertinent parts of which are 
incorporated herein by reference. Basically, such 
catalysts are solid catalysts wherein the nickel and 
rhenium metals are supported on certain catalyst 
support materials. 

Hydrogen is used in the reactor to maintain the 
activity of the nickel-rhenium catalyst (and has a 
diluent effect in the reactor zone). Typically, hy- 
drogen is provided in an amount of at least 2 mole 
percent based on the total moles of ammonia and 
often this percentage is between about 2 to 20 and 
preferably is about 4 to 12 mole percent 

The nickel-rhenium catalyst can contain various 
other metals in admixture with the nickel and 
rhenium which do not detrimentally affect the cata- 
lytic properties of catalysts containing nickel and 
rhenium as the only impregnated metals. These 
additional metals, in certain ami nation processes, 
can actually improve selectivity and activity of the 
basic Ni-Re catalyst. Certain of these metals can 
extend the activity life and other physical prop- 
erties of the Ni-Re catalyst. Examples of catalysts 
containing additional metal components include Ni- 
Re-La, Ni-Re-Ca, Ni-Re-Mg, Ni-Re-Sr, Ni-Re-U, Ni- 
Re-K n Ni-Re-Ba, Ni-Re-Ce, Ni-Re-W, Ni-Re,Fe, Ni- 
Re-Ru, Ni-Re-Cu, Ni-Re-Ag, Ni-Re-Zn, Ni-Re-Co, 
Ni-Re-U, Ni-Re-Ti and Ni-Re-Mn. 

The amount of Ni-Re catalyst present in the 
process depends on many variables including the 
reactants, the relative proportions of the reactants. 
reaction condition and the degree of conversion 
and selectivity desired. Moreover, the amount of 
catalyst will depend also on the nature of the 
catalyst itself, e.g., its metal loading and activity 
and age. The catalyst must be present in the 
reaction zone in sufficient catalytic amount to en- 
able the desired reaction to occur. This is also true 
for any of the catalysts useful in the invention 
process- 
Other preferred reduction animation catalysts 
are catalyst composed of rhenium, nickel and bo- 
ron impregnated on a support material selected 
from the group consisting of aluminas (e.g., alpha), 
silicas, silica-aluminas, kieselguhrs or dia- 
tomaceous earths and siiica-titanias, wherein the 
ratio of nickel to boron to rhenium is in the range of 
from about 22:1 to about 30:30:1 and the total 
nickel, boron and rhenium present is in the range 
of about 3 to about 30 percent by weight of the 
support material. 
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The most preferred mode of the catalyst is a 
reductive amination catalyst which has a siDca sup- 
port marketed under the mark T-869® by United 
Catalyst Incorporated- The best mode of the cata- 
lyst is obtained from the United Catalyst Incor- 
porated. It is believed that the catalyst is prepared 
by impregnated the T-869® catalyst support with 
an aqueous solution containing nickel nitrate, am- 
monium perrhenate and boric acid in a metal com- 
position of 66 percent of nickel, 19.6 percent of 
rhenium and 14.4 percent of boron. Following the 
impregnation, ft is calcined at 330° C. for 2.5 hours. 
Then it is impregnated a second time with the 
same solution and calcined again under trie same 
conditions for the same length of time. Thereafter it 
is impregnated a third time to reach a 12 percent 
total metal loading. It is men calcined at 330 °C. for 
2.5 hours. Then ft is reduced under a hydrogen 
atmosphere at a temperature of 332° to 337°C. for 
16 hours. Following the reduction step it is stabi- 
lized at 60 °C. for 30 to 40 hours. 

Examples of other useful reductive amination 
catalysts are the rhodium atom-containing catalysts 
of U.S. Patent No. 4,322,530, the copper-rhenium 
catalysts of U.S. Patent No. 4,206,149, the nickeh 
cobalt-iron cataJysts of U.S. Patent No. 3,766,184, 
the cobalt-nickel-copper-containing aluminum oxide 
or silicon dioxide support catalyst of U.S. Patent 
No. 4,014,933 and the catalysts containing copper 
oxide or copper hydroxide, nickel oxide or nickel 
hydroxide, and, optionally, an oxide or a hydroxide 
of a Group IIA metal of U.S. Patent No. 4,409,399 - 
the pertinent parts of such patents are incorporated 
herein by reference. U.S. Patent No. 4,209,424 (the 
pertinent parts of which are incorporated herein by 
reference) teaches an amination catalyst which has 
at least one active, metal from the group of transi- 
tion metals consisting of nickel, cobalt and copper, 
uniformly combined with a refractory mtcroporous 
substance. 

The pertinent parts of copending, commonly- 
assigned U.S. Patent Application Serial No. 
454,485, fried on December 29, 1982, are incor- 
porated herein by reference. U.S. Ser. No. 454, 485 
discloses a process for the production of an amine 
composition having a high ratio of 
diethylenetriamine to piperazine which comprises 
maintaining ethylenediamine in the presence of a 
nickel, cobalt or rhodium catalyst, wherein the met- 
al is present on the surface of the catalyst in a 
polyatomic form, and at a temperature between 
about 170° to about 210°C. sufficient to convert 
less than about 35 percent of the ethylenediamine 
feed. The catalysts of U.S. Ser. No. 454,485 are 
nickel, cobalt or rhodium catalysts which can be 
relatively pure metal catalysts or catalysts that 
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have been modified by the addition of molyb- 
denum, chromium, iron or other transition metals in 
varying amounts. The catalysts can be in a mas- 
sive form or they can be supported on a carrier 
such as the preferred silica or alumina carriers 
wherein the metal is present on the surface of the 
catalyst in a polyatomic form. Preferred catalysts 
are Raney nickel or Raney cobalt or a Ni/Re/B on 
silica catalyst prepared as described in U.S. Patent 
No. 4,123,462. The catalyst charge, as a weight 
percent of the total charge, is not narrowly critical, 
although a charge of about 3 weight percent is 
preferred for the reaction temperature and times 
taught in U.S. Ser. No. 454,485. The reaction con- 
ditions and catalysts of U.S. Ser. No. 454,485 can 
be used, in the reaction zone of the invention. 

The pertinent portions of copending, 
commonly-assigned U.S. Patent Application Serial 
No. 613,116, filed on May 23, 1984, are incor- 
porated herein by reference. U.S. Ser. No. 613,116 
discloses reductive amination catalysts which are 
catalysts comprising a support material selected 
from the group consisting of alumina, silica, silica- 
alumina, kieselguhr, diatomaceous earth and siiica- 
titania, and nickel and at least one potentiating 
agent selected from the group consisting of plati- 
nurn and iridium wherein the catalyst has a total 
nickel and potentiating agent content of about 1 to - 
30 percent by weight of the support and the atom 
ratio of the nickel to potentiating agent is in the 
range from about 1:1 to about 30:1. The poten- 
tiated nickel catalysts include catalysts which con- 
tain various other metals in admixture with the 
nickel and potentiating agent which do not det- 
rimentally affect catalytic properties. These addi- 
tional metals, in certain amination processes, may 
actually improve selectivity and activity of the 
potentiated nickel catalyst. Certain of these metals 
my extend the activity life and other physical prop- 
erties of the catalyst Examples of additional metal 
components include lanthanum, boron, magnesium, 
lithium, potassium, cesium, cerium, iron, ruthenium, 
copper, silver, zinc, cobalt, palladium, titanium, 
manganese, rhodium, and rhenium. The amount of 
such additional metal components, based on nickel 
and expressed as an atomic ratio, is about 0.001:1 
to 1:1, frequently about 0.01:1 to 0.5:1. Particularly 
preferred catalysts comprise nickel, iridium and/or 
rhenium. In these catalysts the rhenium or iridium 
is generally provided in an atomic ratio to nickel of 
about 10:1 to 1:10. 

When a reductive amination catalyst is used, 
the reaction temperature preferably is 150° to 
235 °C. and most preferably the reaction pressure 
is 200 to 2,000 p-s.i.g. 
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Any phosphorus-containing catalyst- -can be 
used in the second reactor. One group of preferred 
phosphorus-containing catalysts is the metal phos- 
phate catalysts, which can be metal phosphates, 

5 metal monohydrogen phosphates, metal 
dihydrogen phosphates and metal pyrophosphates 
(although the latter is normally avoided in the in- 
vention process). 

The metal phosphate catalysts include boron 

10 phosphate, aluminum phosphate, ferric phosphate, 
zinc phosphate, ferrous phosphate, nickel phos- 
phate, chromium phosphate, copper phosphate and 
cobalt phosphate. Other metal phosphate catalysts 
which can be used are the phosphates of lithium, 

75 sodium, potassium, other metals of Group IA of the 
periodic tables, beryllium, magnesium, calcium, 
other metals of Group IIA of the periodic tables, 
titanium, zirconium, other metals of Group IVB of 
the periodic table, antimony and tin (valence states 

20 II and IV). Further useful catalysts are those which 
comprise a phosphorus bonded to a Group IVB 
transition metal oxide support, such as are dis- 
closed in published European Patent Application 
0115138 (the pertinent parts of which are incor- 

25 porated herein by reference). Mixtures of two or 
more of the metal phosphate catalysts can be 
used. 

The metal phosphate catalysts also include the, 
pyrophosphates, monohydrogen phosphates and 

30: - dihydrogen phosphates of strontium, copper, mag- 
nesium, calcium, barium, zinc, aluminum, cobalt, 
nickel, cerium, neodymium, and mixtures thereof. 
Specific examples of such catalysts are SrHP0 4 , 
Sr/BaHPO*. Sr(H 2 PO«) 2 , Ca(H 2 P04) 2 , Nd 2 (HPO«):„ 

35 Ce 2 (HPO«) 3 , CoHPO*. NiHPO*, AI 2 (HP04) 3 , MgHPO*, 
BaHPO*, CuHPO* and ZnHPO*. 

The metal phosphate catalysts include the cry- 
stalline zirconium phosphates of U. S. Patent No. 
3,416,884 and the granular zirconium phosphates 

AO of U. S. Patent No. 4,025,608 -the pertinent parts of 
such patents are incorporated herein by reference. 

The metal phosphate catalysts which are most 
preferred for practicing the process of the invention 
are Group IIIB metal acid phosphates including 

45 Group IIIB metal phosphates, monohydrogen phos- 
phates, dihydrogen phosphates and mixtures there- 
of. U. S. Patent No. 4,463,193 (the pertinent parts 
of the patent are incorporated herein by reference) 
discloses processes for preparing the Group IIIB 

so metal acid -phosphates. While the intent of the 
catalyst preparation is to specifically provide a par- 
ticular Group. IIIB monohydrogen phosphate or 
dihydrogen phosphate, mixtures of the Group IIIB 
metal phosphates of the above-mentioned types 

55 may be obtained owing to complicated depen- 
dence of the catalyst composition on preparation 
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conditions- Nevertheless, although the Group MB 
metal acid phosphate catalyst of the invention com- 
prises the metal phosphate, monohydrogen phos- 
phate, dihydrogen phosphate or mixtures thereof, 
the monohydrogen and dihydrogen phosphates of 
the Group IIIB metals are the preferred catalysts 
when in relatively pure form individually or in com- 
bination. 

A Group IIIB metal is meant to include scan- 
dium, yttrium, lanthanum and the rare earth lan- 
thanide metals having atomic numbers 58 to 71, 
and the rare earth actinides having atomic numbers 
89 to 92. 

The most preferred metal phosphate catalysts 
for the production of noncyclic polyalkylene 
polyarnines are the acid phosphates, preferably the 
monohydrogen phosphates and dihydrogen phos- 
phates, of scandium, lanthanum, cerium, samarium, 
europium, thulium, erbium, ytterbium, yttrium, 
iutetium, thorium, neodymium, praseodymium, dys- 
prosium and gadolinium. 

The acid phosphate catalysts can be used for 
the production of polyalkylene either singly or in 
combination. 

It is preferred to use those which are more 
cataJytically active and provide for substantial con- 
version to tire noncyclic polyalkylene polyamine 
products. Examples of the most preferred catalyst 
compounds include lanthanum monohydrogen 
phosphate, lanthanum dihydrogen phosphate, lan- 
thanum phosphate, praseodymium monohydrogen 
phosphate, praseodymium dihydrogen phosphate, 
praseodymium phosphate, neodymium mon- 
ohydrogen phosphate, neodymium dihydrogen 
phosphate, neodymium phosphate and mixtures 
thereof. 

The quantity of the acid phosphate salts of the 
Group IIIB metals used in the reaction can vary 
widely depending upon the reactivity of the cata- 
lysts and the reactivity of the reactants present. A 
catalyticaliy effective amount of material is used; in 
other* words, an amount which causes a reaction 
involving ammonia or an amine, the alkyieneamine 
and the alkanolamine to yield noncyclic polyal- 
kvlene Droducts at the temoerature and oressure 
used. Usually though, the amount used to provide 
a catalytic effect ranges from about 0.1 to 25 mole 
percent based upon the total amount of al- 
kyieneamine and alkanolamine feed present in the 
reaction mixture, and preferably is an amount of 
about 0.1 to 10 mole percent Within these ranges 
though, the level of catalyst is empirical and is 
adjusted depending on the product slate desired. 



The Group IIIB metal phosphate catalysts used 
in the process of the invention can be prepared by 
the precipitation of the desired metal acid phos- 
phate salt, washing the salt to remove inorganic 

5 coproducts and drying the salt Optionally, dried 
catalysts can be further processed prior to use for 
polyalkylene polyamine manufacture- 
Such process is well known to those skilled in 
the art and includes extrusion or pefletizing or 

70 compounding with an inert support such as alpha- 
alumina. 

Methods of preparing Group IIIB metal mon- 
ohydrogen phosphate or dihydrogen phosphate are 
disclosed in U. S. Patent No. 4,324,917 (the per- 

75 tinent parts of the patent are incorporated herein by 
reference). Phosphate-containing materials can be 
obtained which consist predominantly of the Group 
IIIB metal phosphate, the Group IIIB metal mon- 
ohydrogen phosphate, the Group IIIB metal 

20 dihydrogen phosphate, or mixtures in varying pro- 
portions of the Group IIIB metal monohydrogen and 
dihydrogen phosphate, and/or mixtures in varying 
proportions of any of the above the Group IIIB 
metal monohydrogen and dihydrogen phosphates 

25 with the Group H1B metal phosphate. Such vari- 
ations in cataJyst composition can result from de- 
pendence of the catalyst composition on prepara- 
tion conditions, such as temperature, concentration 
of reagents, stoichiometry of reagents, rate and 

30 order of reagent additions, pH of preparation, dura- 
tion of preparation, volume and pH of water wash, 
duration of catalyst washing, and duration and tem- 
perature of catalyst drying. In any event the Group 
IIIB metal acid phosphates obtained according to 

35 the general preparations referred to above are catar 
lyticaily active for the production of polyalkylene 
polyarnines. 

Published European Patent Application 
0115138 (the pertinent parts of which are incor- 

40 porated herein by reference) discloses methods for 
preparing the catalysts comprising a phosphrus 
bonded to a Group IVB metal oxide support Any 
appropriate liquid or liquefiable phosphorus com- 
pound can be used as a source of the phosphorus. 

45 For convenience, phosphoric acid will normally be 
used. However, other phosphorus compounds such 
as phosphoryl chloride (P0CI 3 ), phosphorus acid, 
polyphosphoric acid, phosphorus haiides, such as 
phosphorus bromide, alky! phosphates and alky} 

so phosphites such as trimethy! phosphate, triethyi 
phosphate, trirnethyi phosphite, triethyi phosphite, 
etc. may be utilized. Also, a diaminohydrogen 
phosphate such as diammonium hydrogen phos- 
phate, (NH*) 2 HPO«, dimethyldiamino hydrogen 

55 phosphate, (CH^sNH PO <f diethylaminohydrogen 
phosphate (ChkCH^NH P0 4 , etc. may be used. 
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The catalyst compositions are prepared by deposit- 
ing a phosphorus compound on a support compris- 
ing an oxide of a group IVb transition metal oxide. 
The group IVb metal oxides include the oxides of 
titanium, zirconium, hafnium and thorium. Pellets of 
the group IVb metal oxide may be prepared by 
extrusion or by compaction in conventional pel- 
leting apparatus using a pelleting aid such as 
graphite. The phosphorus compound can be on a 
powdered IVb metal oxide followed by pelleting 
and calcination. Preferably the catalyst composition 
is prepared by. impregnating a preformed pellet. A 
suitable procedure to be used is to heat a liquid 
containing the liquid or liquefiable phosphorus 
compound at a temperature of about 100° to about 
150°C. and to then add pellets in an amount equal 
to the volume of the heated liquid. This treatment 
should be continued from about 0.5 to about 5 
hours. At the end of that time, the resulting mixture 
of pellets and liquid is adequate to substantially 
completely remove unadsorbed liquid. Tempera- 
tures above 150°C. can be used, if desired, but 
there is no particular advantage in doing so. It will 
be understood that the phosphorus that is present 
on a thus-treated pellet is not present as elemental 
phosphorus, but rather as phosphorus that is 
chemically bound, probably as an dxide, to the 
group IVb metal oxide support. However, the exact 
nature of the bonding is not completely under- 
stood. 

European Patent Application 0115138 discloses 
the amount of phosphorus that is bonded or other- 
wise adheres to the support in a function of heating 
and other conditions used in the treating step and 
is also a function of the chemical identity of the 
phosphorus compound that is used as a source of 
phosphorus. Under the treating conditions exempli- 
fied above, at least about 2.5 weight percent of 
phosphorus is caused to bond or otherwise perma- 
nently adhere to the pellets. There is an upper limit 
to the amout of phosphorus that bonds or other- 
wise permanently adheres to the support. This up- 
per limit is, as indicated, a function of both the 
treating conditions and the chemical used as a 
source of the phosphorus. Normally, the maximum 
amount of phosphorus that can be caused to bond 
or otherwise permanently adhere to the pellets is 
within the range of about 5 to 10 weight percent. 
As a matter of convenience, the normal practice is 
to use only one chemical as a phosphorus source - 
(e.g., phosphoric acid). However, mixtures of two or 
more such reagents may be used, if desired. Cal- 
cining is not mandatory if the pellets are impreg- 
nated at least at about 100°C., but the pellets can 
be calcined, if desired. Calcining is conducted for 2 
to 24 hours at a temperature of from 100°C to 
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below the temperature at which thermal destruction 
of the phosphorus bonding occurs. This can be 
determined experimentally for a particular catalyst. 
Temperatures above 900 °C. should be avoided. A 

5 suitable calcining temperature range is normally 
200° to 800°C. and, more preferably 500° to 
700°C. Other procedures can be used in adding 
phosphorus to the group IVb metal oxide. 

The pertinent parts of copending, commonly- 

70 assigned U.S. Application Ser. No. 576,807, filed 
on February 7, 1984, are incorporated herein by 
reference. U.S. Ser. No. 576,807 discloses certain 
phosphorus acid or acid derivative compounds 
which are useful phosphorus-containing catalysts 

75 within the scope of the invention herein. The term 
phosphorus acid or acid derivative defines com- 
pounds having a P-X bond wherein P is a phos- 
phorus atom bonded to a halogen, oxygen, sulfur 
or nitrogen atom and wherein X which is a radical 

20 capable of (1) hydroiyzing to produce the cor- 
responding phosphorus acid structure, or (2) ex- 
changing with a hydroxyl group from the hydroxy 
alkylene reactant to provide a phosphorus ester. 
The phosphorus acid or acid derivative catalyst 

25 of U. S. Ser. No. 576,807 is believed to function by 
forming with the alkanolamine or alkylene glycol 
compound a phosphorus ester in situ. For this 
reason, it is believed that a requirement for a good 
pHosphorus catalyst is that it contain a substructure 

30 an atom bonded to phosphorus that can be re- 
placed readily by the oxygen atom of a hydroxyl 
group of the difunctional hydroxy alkylene com- 
pound. Such a replaceable atom might be oxygen - 
(as in the case of phosphorous or phosphoric acid 

35 or their esters), halogen, nitrogen (as in the case of 
amides of phosphorous or phosphoric acids) or 
another atom that can be transformed into a phos- 
phorus ester by a similar process. 

Phosphorus-containing compounds such as 

aq trialkyl and triaryl phosphines and phosphine ox- 
ides, which contain no such exchangeable sub- 
structure, do not function as catalysts as defined in 
U. S. Ser. No. 576,807. Very sterically hindered 
phosphorus compounds such as hexaethyi phos- 

45 phoric triamide, while containing the requisite ex- 
changeable substructure and functioning to some 
extent, are less preferred catalysts because they 
undergo the exchange process with the al- 
kanolamine or alkylene glycol hydroxyl moieties 

so only slowly. Phosphorus acids are defined by those 
structures wherein X in the P-X radical is a 
hydroxyl radical. Acid derivatives are defined by 
structures wherein X is a substitute functional 
group. Various acids derivatives include: salts when 

55 -X is -0~M + wherein M + is a mono or polyvalent 
cation; amides when -X is bonded to the phos- 

13 
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phorus atom through a nitrogen atom; anhydrides 
when -X contains a second phosphorus atom bon- 
ded to the first phosphorus atom through ah oxy- 
gen atom; esters when -X is -OR; and so on with 
regard to other functional groups defined by -X. 
The precise phosphorus acid or acid derivative 
structure is not critical so long as it fulfills the 
following two functional requirements: (1) that ft 
provides for the relatively selective production of 



10 



X- 



I 

P( 



predominantly linearly extended polyalkylene 
polyarnines and (2) that rt enables increased con- 
version rates for polyalkylene polyamine production 
when water is removed during the reaction, possi- 
bly due to the water-inhibited formation of a phos- 
phorus intermediate compound during the reaction. 

The phosphorus acids or acid derivative cata- 
lysts of U. S. Ser. No. 576.807 include those hav- 
ing the structure: 



n 



wherein Y is an oxygen or sulfur atom; n is 0 or 1 , 
X is hydroxy, alkoxy, aryloxy T or the thio analogs of 
the foregoing, alkyi or ary( substituted amino, halo, 
or the salts or phosphorus anhydrides or thioan- 
hydrides of the foregoing when X is hydroxy or 
mercapto; FT and R w are hydrogen, alkyl, aryl or 
one of the groups previously defined by X. 

Suitable phosphorus acid or acid derivatives of 
U.S. Ser. No. 576,807 which ban be employed 
include, for example, acidic metal or semi-metal 
phosphates, phosphoric acid compounds, and their 
anhydrides, phosphorous acid compounds and an- 
hydrides, alkyl or aryl phosphates, alkyl or aryl 
phosphites, alkyi or aryl substituted phosphonic 
acids and phosphinic acids, alkali metal monosalts 
or phosphoric acid, phosphorous amides and phos- 
phoric amides, the thioanalogs of the foreging, and 
mixtures of any of the above. Suitable acidic metal 
or semi-metal phosphates include boron phos- 
phate, ferric phosphate, aluminum phosphate and 
the like. Suitable phosphoric acid compounds in- 
clude aqueous or anhydrous phosphoric acids, 
such as orthophosphoric acid, pyrophosphoric acid, 
metaphosphoric acid, and condensed phosphoric 
acids such as polyphosphoric acids. Any commer- 
cially available mono-/di-, or trialkyl or aryl phos- 
phate or phosphate ester can be emDloveri, in 

■ «* — * — 

addition, bis-(phosphates) and secondary phos- 
phate esters, such as those disclosed in U. S. 
Patent No. 3,869,526 and U. S. Patent No. 
3,869,527, respectively, can be utilized. Suitable 
alkyl or aryl substituted phosphonic acids or 
phosphinic acids include alkyi phosphonic acids, 
aryl phosphonic acids, alkyl phosphinic acids and 
aryl phosphinic acids. Examples of such phos- 
phorus acid or acid derivative compounds include 



phenylphosphinic, ethyiphosphinic, phenyl- 

20 phosphonic, naphthaphosphonic, and methyl- 
phosphinic acids; methyl phenylphosphonate, 
dimethyl phenylphosphonate, methyl 

phenyphosphinate, ethyl naphthaphosphinate, pro- 
pyl methyiphosphonate; hexamethyl phosphoric 

25 triamide, hexaethyl phosphoric triamide and their 
analogous phosphorous triamides. Preferred phos- 
phorus catalysts include hexamethyl phosphorous 
triamide, hexaethyl phosphorous triamide, boron 
phosphate, ferric phosphate, aluminum phosphate, 

30 phosphoric acid and phosphorous acid. 

The amount of phosphorus acid or acid deriva- 
tive catalyst of U. S. Ser. No. 576,807 utilized is a 
cataJyticaily effective amount to cause condensa- 
tion of the reactants to produce predominantly 

35 diethylenetriamine. This quantity will vary depend- 
ing upon the reaction conditions and catalyst uti- 
lized. Usually a cataiyticaliy effective amount will 
be from about 0.01 to about 10 mole percent and 
preferably from about 1 to about 3 mole percent 

40 based on the moles of hydroxy aikylene compound 
used. 

The pertinent parts of copending, commonly- 
assigned U. S. Patent Application Ser. No. 606,000, 
filed on May 2, 1984, are incorporated herein by 

jtc rpfpranro 1 1 Q Car M#-» cnc nnn 

phosphorus amide catalysts which are compounds 
having at least one phosphorus-nitrogen, i.e., P-N, 
bond. Preferably, the P-N bond is part of a P-N-H 
or P-N-C substructure. Compounds containing surt- 
so able P-N bonds can have three, four, or five sub- 
stituents about the phosphorus. 

Suitable compounds catalysts of U. S. Ser. No. 
606,000 having three substituents about phospho- 
rus can be defined by the formula: 

55 
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Y — P — R" 



wherein Y is an unsubstituted or alkyl and/or aryl 
substituted amino radical; R* and R w are hydroxy, 
alkoxy, arayloxy, or their thio analogs, hydrogen, 
alkyl, aryl, halo, or one of the groups previously 
defined by Y, and can be joined together with each 
other or with Y to form a phosphorus-containing 
heterocyclic ring. If R\ R n , or Y contains hydrogen 
bonded to 0, S, or N, such as when R f or R w is 
hydroxy or mercapto or Y is monoalkylamino, then 



corresponding metal salts containing P-O-M, P-S- 
M, or P-N-M linkages, where M is a monovalent or 
polyvalent metal or semimetal ion, and anhydrides, 
thioanhydrides, and condensed phosphorus amides 
containing respectively P-OP, P-S-P, and P-N-P 
linkages can be suitable catalysts as well. 

Suitable phosphorus amide catalysts of U. S. 
Ser. No. 606,000 having four substituents about 
phosphorus include those having the formula: 



R 1 
I 

Y P=X 

I 

R" 



wherein X is an oxygen or sulfur atom, preferably 
oxygen, and Y, R\ and R" are as defined above. 
As* previously, corresponding metal and semimetal 
salts and condensed phosphorus compounds may 
also be suitable. 




Rtf I 



Suitable phosphorus amide catalysts of U. S. 
Er. No. 606,000 having five substituents about 
phosphorus include those having the formula: 




P 



\ 

Rtlft 



wherein Y is, defined as above and R', R n , R tt \ 
and R ww are as defined for R* and R" above. As 
previously, corresponding metal and semimetal 
salts and condensed phosphorus compounds may 
also be suitable. 



40 Suitable phosphorus amide compounds which 

can be employed include, for example, the follow- 
ing compounds or their alkyl or aryl derivatives: 



45 



50 
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phosphoramldpus acid, 
phosphordiamidous acid, 
phosphordlamidic acid, 
phosphoramidic acid, 
alkyl and aryl phosphon- 

amidlc acids, 
alkyl and aryl phosphon- 

amldous acids, 
esters and hair-esters of 

the foregoing, 
metal salts of the fore- 



t r iaminopho sphine , 
triaminophosphine oxide, 
alkyl and aryl phosphonlc 



alkyl and aryl phosphonous 

diamides, 
alkyl and aryl phosphlnous 



alkyl and aryl phosphinic 



amides , 



H 2 N-P(0H) 2 ; 
(H 2 N) 2 P0H; 

(N 2 N) 2 P(0)(OH); 
H 2 NP(0)(0H) 2 ; 



RP(0)(0H)NH 2 ; 



RPC0H)NH 2 ; 



e.g. H 2 NP(0Et) 2 J 



e.g. H 2 NP(0) 2 K 2 ; 

(H 2 N) 3 P; 

(H 2 N) 3 P(0); 

* 

RP(0)(NH 2 ) 2 ; 

RP(NH 2 ) 2 ; 

R 2 P(NH 2 ); 



analogs of the foregoing 



substituted with 



alkyl or aryl groups 
on nitrogen, e.g. R,NP(OH)a; 
and thioanaiogs of the 
foregoing, e.g. R*(NP(S)0Et) 2 . 



50 



R 2 P(0)(NH 2 ); 

The alkyl or aryl substituents on these sub- 
stances can be linked to phosphorus through more 
than one atom, so as to form cyclic members of 
the above classes containing such heterocyclic 
rings as 

1 ,3,2-diazaphospholidine, 



55 
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H 
I 

N 



N 

I 

H 



PH 



; 1 ,3,2,-oxazaphospholidine, 



H 
I 

N 



75 




PH; 



tetrahydro-2H-1 ,3-2-oxazaphosphorine, 



25 




35 



and the like. Such cyclic phosphorous amides can 
also be used as catalysts in the invention. 



40 



An additional class of phosphorus amides of U. 
S. Ser. No. 606,000 that can be useful as catalysts 
in the invention comprise azophosphorances in 
which nitrogen is bound directly to phosphorus. 
Examples of such compounds include: 1,6-dioxa- 
4,9-diaza-5-phospha-(5-P v ) spiro [4.4]-nonane, 



and 



I i 
0 NH 

\ / 
P 



/ \ 
0 NH 
l L 



50 



2,3,5,6,8 l 8-hexahydro-8-methyi-[1 l 3,2]- 
oxazaphospholo-p.S-bJtl.S^^xazaphosphole, 



55 
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Me 0 
f 




P 

/I 
H 0 



\ 



N H 



/ 



Preferred phosphorus amide catalysts of U. S. 
Ser. No. 606,000 include hexarnethyl phosphorous 
triarnide, hexaethyi phosphorous triarnide and the 
phosphorus amide reaction product of 
ethylenediamine with phosphoric or phosphorous 
acid. 

Phosphorus-containing cation exchange resins 
can be used in this invention and can be prepared 
by the methods disclosed in U.S. Patent No. 
4 f 324,91 7. The cation exchange resins provide ex- 
changeable phosphorus-containing ions such as 
phosphorous, phosphonic, phosphoric and phos- 
phorus. Preferably the resins useful here are weak- 
acid cation exchange resins containing one or more 
of the above phosphorus-containing exchangeable 
ions. Duolrte® resins available from Diamond 
Shamrock Corp. are typical commercial 
phosphorus-containing resins. Examples of these 
are Duolite® ES-&2, Duoiite® ES-63, and Duolite® 
ES-65 which are the phosphonous, phosphonic and 
phosphoric acid types, respectively. 

When a phosphorus-containing catalyst is 
used, the reaction temperature preferably is 220° 
to 350 Q C. (most preferably 260° to 300°C.) and 
most preferably the reaction pressure is 200 to 
2,000 p.s.Lg. 

Any of the non-resin catalysts useful in the 
invention can be supported on carriers, such as, 
silica, silica-alumina, silica-titanfa, alumina, dia- 
tomaceous earth (Kieselguhr) and any other 
conventionally-employed reactor packing material. 
Generally, the catalysts are supported. The active 
catalyst species are provided on the surface of the 
support through, for example, coating or impregna- 
tion. The catalyst (say metal) components on the 
support often comprise about 1 to 50. sav. about 3 
to 30, weight percent of the catalyst useful sup- 
ports can be porous and have surface areas of 
from about 0.1 to 500, say, about 0.3 to 100, 
square meters per gram. 

The catalyst can be of any convenient size or 
shape. Catalysts can be made in the form of pow- 
ders, spherical or conical pellets, extruded strips 
and the like. Impregnated spherical pellets ranging 
in diameter from 1/8 inch to 3/16 inch and extruded 
strips of a cylindrical-type shape ranging from 1/32 



io inch to '1/2 inch in length are typical of those which 
can be used as supports. Often, for commerical- 
scale operations, the pellets range in diameter from 
about 0.1 to 1 centimeter. 

One of the purposes of the second catalyst in 

rs the series is to allow use of a crude feed containing 
alkylenediamine produced in the first reactor 

Recovery of the polyaklyiene polyamines, ai- 
kanoiamine and alkylenediamine from the reaction 
mixture from the second reactor can be accom- 

20 plished by conventional techniques. 

Preferably the separation step is conducted 
using distillation. Most preferably the separation is 
conducted using a fractional distillation column with 
the polyethylene polyamines coming off of the bet- 
as torn of the column and with the unreacted aJ- 
kanolamine and alkylenediamine coming off the top 
portion of the column. With a fractional distillation 
column, for example, having 10 trays, a pressure of 
1000 p-sJ.g. and a base temperature of 220 °C, 90 

30 mole percent of the unreacted ethanolamine and 
ethylenediamine come off of the top of the column 
with the unreacted NH 3 and H 2 and 90 mole per- 
cent of the diethylenetriamine (and most of the 
AEEA and piperazine) comes off of the bottom of 

35 the column. 

The separation can be conducted in adsorbers, 
with the adsorbing liquids removing the polyai- 
kyiene polyamines from unreacted alkanolamine 
and alkylenediamine. Preferably the adsorbing Hq- 

40 uid for the polyalkylene polyamines is 
triethylenetetramine or a higher boiling adsorbent 

The separation can also be conducted using a 
series of partial condensers. The alkanolamine and 
alkylenediamine condense out in the last of the 

45 partial condensers. anrj the polyalkylene 
polyamines condensing out in the first of the partial 
condensers. Preferably 3 to 5 partial condensers 
are used. 

The recycle of the alkylenediamine and al- 
so kanolamine, as explained above, allow control of 
the molecular weight range and distribution of the 
polyalkylene pofyamine product 

Generally, the mole ratio of alkyleneamine 
compound to alkanolamine compound can range 
55 from about 0.05:1 to 12:1, and preferably Is about 
0.75:1 to 10:1. It is preferred when reacting 
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ethylenediamine (EDA) and monoethanolamine - 
(MEA) with ammonia in the reactor that the mole 
ratios be in a range of 0.05-10:1:0.35-20 
(EDA:MEA:NH 3 ). 

The analysis of the products produced by the 
process of the invention can be conducted by 
using standard gas chromatography techniques us- 
ing columns selected from their ability to separate 
the individual components that may be present in a 
particular reaction mixture. 

Polyethylene poly amines are useful as corro- 
sion inhibitors, fabric softeners, lubricating oil ad- 
ditives, ce^monomers for polyamide resins, fun- 
gicides, surfactants, curing agents for epoxy resins 
and chelating agents. 

In the embodiment of the invention which is a 
process for the production of higher molecular 
weight polyalkylene polyamines from a feed which 
includes oxygen-containing higher molecular 
weight polyalkylene polyamines, the oxygen-con- 
taining higher molecular weight polyalkylenes 
polyamines are contacted with an alkyleneamine 
having at least two amino groups in the presence 
of a catalytically effective amount, of an amination 
catalyst, such as, a reductive amination catalyst or 
a phosphorus-containing catalyst, at a temperature 
and pressure effective to conduct such reaction. A 
gaseous diluent or ammonia can be added to the 
reactor. Preferably the reaction is conducted in the 
vapor phase or supercriticaf phase. Preferably the 
produced higher molecular weight polyalkylene 
polyamines have at least four amino groups. Also 
preferably the oxygen-containing higher molecular 
weight polyalkylene polyamines are hydroxy l-con- 
taining higher molecular weight polyethylene 
polyamines. 

The oxygen-containing higher molecular weight 
polyethylene polyamines feed can be at least part 
the bottoms portions obtained from a distillation 
column for separating diethylenetriamine from said 
bottoms portion. The reaction mixture from the 
reaction step can be recycled at least in part to the 
reaction zone and/or at least part thereof can be 
separated using a batch still into a stream contain- 
ing the higher molecular weight polyethylene 
polyamines and a stream containing water and 
ethylenediamine. Preferably at least part of the 
stream containing water and ethylenediamine is 
recycled to the reaction step. 

In Figure 1, MEA, ammonia, EDA, AEEA and 
sometimes DETA arid higher polyethylene 
polyamines are fed into reactor 10 via line 12. 
Preferably a liquid hourly space velocity of the 
reactants of 1 to 25 hr- 1 is used. A Group IIIB acid 
phosphate catalyst or a Ni-B-Re catalyst is prefer- 
ably used in reactor 1Q. Reactor 10 is preferably 



run at a temperature of 220° to 350°. for the Group 
IIIB metal phosphate catalyst or 150° to 235°C. for 
the Ni-B-Re catalyst, and at a pressure of 200 to 
2,000 p.s.i.g. The reaction stream exiting reactor 10 

5 via line 14 contains DETA, higher polyethylene 
polyamines, and the un reacted EDA, MEA and 
ammonia. If hydrogen or diluent is used in the 
feed, the reaction stream will also contain such 
materials. The DETA and higher polyethylene 

io polyamines can be separated using any conven- 
tional or suitable separation means. Preferably the 
separation is achieved using a fractional distillation 
column. 

By controlling the relative amounts of monoal- 

is kanolamine, ammonia, aminoethylethanolamine 
and/or ethylenediamine in the feed to reactor 10, 
the molecular range and distribution of the polyal- 
kylene polyamines obtained from reactor 10 can be 
thereby affected as desired. 

20 In Figure 2, MEA and ammonia are fed into 

first reactor 16 via line 18. Preferably a liquid space 
velocity, of the reactants of.1 to 25 hr" 1 is used in 
first reactor 16. A Ni-B-Re catalyst is preferably 
used in first reactor 16. Preferably hydrogen is also 

25 present in the feed to first reactor 16. First reactor 
16 is preferably run at a temperature of 150° to 
235°C. and at a pressure of 200 to 2,000 p.s.i.g. A 
large excess of ammonia is preferably used in first 
reactor 16. MEA, ammonia, EDA, AEEA, some 

30 DETA and some higher polyethylene polyamines 
exit first reactor 16 via line 12 and are fed into 
reactor 10. 

Preferably a space velocity of reactants of 1 to 
20 hr" 1 is used in second reactor 10. A group IIIB 

35 acid phosphate catalyst or a Ni-B-Re is preferably 
used in second reactor 10. Second reactor 10 is 
preferably run at a temperature of 220° to 350°C. 
for the Group NIB metal phosphate catalyst or 150° 
to 235 °C. for the Ni-B-Re catalyst, and at a pres- 

40 sure of 200 to 2,000 p.s.i.g. The reaction stream 
exiting second reactor 10 via line 14 contains. 
DETA, higher polyethylene polyamines, and the 
unreacted EDA, MEA and ammonia. If hydrogen or 
a diluent is used in the feed to first reactor 16, the 

45 reaction stream from second reactor 10 will also 
contain such materials. The DETA and higher poly- 
ethylene polyamines can be separated using any 
conventional or suitable separation means. Prefer- 
ably the separation is achieved using a fractional 

so distillation column. 

By controlling the relative amounts of monoal- 
kanolamine and amine in the feed to first reactor 
16, the molecular range and distribution of the 
polyalkylene polyamines obtained from reactor 10 

55 can be thereby affected as desired. 
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In Figure 3, ammonia is fed into first reaction 
16 via lines 20 and 18. MEA is fed into reactor 16 
via lines 24, 22 and 18. Preferably a liquid hourly 
space velocity of the reactants of 1 to 25 hr"' is 
used in first reactor 16. A Ni-B-Re catalyst is 
preferably used in first reactor 16. Preferably hy- 
drogen is also present in the feed to first reactor 
16. First reactor 16 is preferably run at a tempera- 
ture of 150° to 250 a C. and at a pressure of 200 to 
2,000 p.s-i.g. A large excess of ammonia is prefer- 
ably used in first reactor 16. MEA, ammonia, EDA, 
AEEA, some DETA and some higher polyethylene 
poiyamines exit first reactor 16 via line 12 and are 
fed into reactor 1 0. 

Preferably a liquid hourly space velocity of 
reactants of 1 to 25 hr- 1 is used in second reactor 
10. A Group IIIB acid phosphate catalyst or a Ni-B- 
Re is preferably used in second reactor 10. Second 
reactor 10 is preferably run at a temperature of 
220° to 350°C. for the Group IIIB metal phosphate 
catalyst or 150° to 235 °C. for the Ni-B-Recatalyst 
and at a pressure of 500 to 1,500 p.s.i.g. The 
reaction stream exiting second reactor 10 via line 
14 contains DETA, higher polyethylene 
poiyamines, and the unreacted EDA, MEA and 
ammonia. If hydrogen or a diluent is used in the 
feed to first reactor 16, the reaction stream from 
second reactor 10 will also contain such materials. 

The reaction feed exiting second reactor 10 is 
fed into separator 34, which is preferably a frac- 
tional distillation column. The DETA and the higher 
polyethylene poiyamines are separated (line 26) 
out of the bottom of separator 34 from the other 
materials. At least a part of EDA (plus some MEA 
and water) is separated via line 28 from separator 
34 and is fed into line 12 to thereby control or 
regulate the amount of EDA being fed into second 
reactor 10. In this manner the molecular range and 
distribution of the polyethylene poiyamines ob- 
tained from reactor 10 can be thereby affected as 
desired. Some of the separated EDA (plus some 
MEA and H 2 0) can be removed from the system 
via lines 28-36. The MEA-containing stream sepa- 
rated via line 38 from separator 40 is fed into lines 
22 and 18 to thereby control or regulate the 
amount of MEA being fed into first reactor 16. In 
this manner the molecular range and distribution of 
polyethylene poiyamines obtained from reactor 10 
can be thereby affected as desired. 

Using the reactor scheme of Figure 3, 1 mole 
of MEA and 15 moles of ammonia (plus 3 moles of 
hydrogen) aree fed into reactor 16, which is op- 
erated at 200°C. and 1,100 p.s.Lg. A nickel- 
rhenium-boron catalyst is used. When a fifty mole 
percent conversion is achieved in reactor 16, the 
reaction stream therefrom is sent to reactor 10. 



One mole of EDA is added to the reaction stream, 
which contains 0.5 mole of MEA, 1 .5 mole of EDA 
and 15 moles of ammonia (plus 3 moles of hy- 
drogen). After the cumulative conversion reaches 

5 90 mole percent in reactor 10, the product stream 
therefrom is sent to separator 34, which is a frac- 
tional distillation column (10 trays; bottom tempera- 
ture of 220 *C.; and a pressure of 1000 p.sJ.g.). 
The product is DETA and higher* polyethylene 

70 poiyamines. Separated MEA (from separation zone 
40) and separated EDA are recycled to the feed of 
reactor 16 as desired. The MEA and EDA recycle 
allows control of the molecular distribution and 
range of the polyethylene polyamine product 

75 Copending, commonly-assigned patent applica- 

tion entitled "Interreactor Separator", (D-14871), 
concurrently filed with this application, is incor- 
porated herein by reference. Such application dis- 
closes the use of a reductive amination reaction 

20 zone from which its effluent is separated into a, 
preferably, gaseous, MEA-and EDA-corrtairartg 
phase and a liquid, DETA-rich phase. The gas 
phase can be used for recycle (advantageously, it 
is at high pressure and suitable for recycle without 

25 undue energy penalties) or as a feed to another 
reactor which can use a reductive amination or 
other type phosphorus-based catalysts) of 

catalysts. 

Copending, commonly-assigned patent applicar 
30 tion entitled "improving the Quality of CatalyticaOy 
Prepared Polyalkylene Poiyamines", (D-14872), 
concurrently filed with this application, is incor- 
porated herein by reference. Such application dis- 
closes processes for making polyalkylene 
35 poiyamines from ethanolamines and a nitrogen 
compound (e.g., ammonia or alkyleneamine) using 
a phosphorus-based catalyst in the presence of 
sufficient hydrogen to enhance color and reduce 
odor. 

4Q Copending, commonly-assigned patent applica- 

tion entitled "Two Reactor Scheme Using Only 
Phosphorus-Containing Catalysts", (D-14874), con- 
currently filed with this application. Such applica- 
tion discloses passing an oxygenated! 
45 polyethyienepoiyamine feed in the presence of a 
nitrogen compound to a reaction zone containing a 
phosphorus-based catalyst This feed is obtained 
from a polyethyienepoiyamine reactor having a 
phosphorus-based catalyst The feed typically con- 
so tains AEEA. 

Copending, commonly-assigned patent applica- 
tion entitled "Interchangeable Process Scheme", - 
(CM 4875), concurrently filed with this application, is 
incorporated herein by reference. Such application 
55 discloses processes for making and separating 
ethyleneamines, alkylamines, morphoiine, etc, in 

20 
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same process equipment. The separation systems 
required for these processes are very similar. 
Hence, block operation in the same' reactor and 
separation equipment is achieved. 

Copending, commonly-assigned patent applica- 
tion entitled "Preparation of Diethylenetriamine 
With Azeotrope Recycle", (D-14876), concurrently 
filed with this application, is incorporated herein by 
reference. Such, application discloses processes for 
making ethyleneamines using a reductive amlna- 
tion or phosphorus-based catalyst in which a gas- 
eous EDA/water phase is separated from the reac- 
tor effluent and at least a portion of the separated 
phase is returned to the reactor. In a preferred 
embodiment using a reductive amination catalyst, 
the recycle stream is admixed with MEA to break 
the azeotrope with water condensing out. 

Copending, commonly-assigned patent applica- 
tion entitled "Water Addition to Enhance Phos- 
phoric Acid Salt Catalyst Activity", (D-14877), con- 
currently filed with this application, is incorporated 
herein by reference. Such application discloses 
providing beneficial amounts of water in the reac- 
tion zone in which alkanoiamine and another nitro- 
gen compound are reacted to produce al- 
kyleneamines over a phosphorus-based catalyst. 
The water is believed to enhance or maintain or 
regenerate catalytic activity. 

Copending, commonly-assigned patent applica- 
tion entitled "Use of Pressure To Control the 
Noncyclics/Cyclics Ratio of Polyaikylene 
Polyamines", (D-14878), concurrently filed with this 
application, is incorporated herein by reference. 
Such application discloses processes for producing 
polyaikylene polyamines over phosphorus-based 
catalysts in which control of the ratio of noncyclic 
to cyclic products is achieved by controlling the 
level of the reaction pressure. 

The following compound abbreviations are 
sometimes used herein: 

EDA -ethylenediamine 

MEA -monoethanolamine 

PIP -piperazine 

AEP -aminoethyipiperazine 

DETA -diethylenetriamine 

TETA(NC)-triethylenetetramine (noncyclic isomers) 
TETA(C) -triethylenetetramine (cyclic isomers) 
TEPA(NC> : tetraethylenepentamine (noncyclic iso- 
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mers) 

TEPA(C) -tetraethylenepentamine (cyclic isomers) 

5 HVY(NC) -pentaethylenehexamine and higher 
oligomeric polyethylene amines (noncyclic iso- 
mers) 

HVY(C) -pentaethylenehexamine and higher 
io oligomeric polyethylene amines (cyclic isomers) 

AEEA -aminoethylethanolamine. 
Claims 

75 

1. Process for preparing polyaikylene polyamines 
from a feed composed of (I) an alkanoiamine hav- 
ing at least one amino group, (ii) an alkyleneamine 
having at least two amino groups, (iii) an oxygenat- 

20 ed organic amine compound other than said al- 
kanoiamine (i), and (iv) a reactive nitrogen-contain- 
ing base selected from the group consisting of 
ammonia or a primary amine and a secondary 
amine, comprising contacting said alkanoiamine, 

25 said alkyleneamine, said oxygenated organic amine 
compound and said reactive nitrogen-containing 
base, in a reaction zone to produce said polyai- 
kylene polyamines in' the presence of a catgiyt- 
ically effective amount of an amination catalyst and 

30 at a temperature and pressure sufficient to form 
said polyaikylene polyamines. 

Z The process as claimed in Claim 1 wherein said 
amination catalyst is a reductive amination catalyst. 

3. The process as claimed in Claim 1 wherein said 
35 amination catalyst is a phosphorus-containing cata- 
lyst. 

4. Process for preparing polyaikylene polyamines 
from a feed composed of (i) an alkanoiamine, hav- 

. ing at least one amino group, (ii) an alkyleneamine 
40 having at least two amino groups, (iii) aminoalkylal- 
kanolamine and (iv) a reactive nitrogen-containing 
base selected from the group consisting of ammo- 
nia, a primary amine and a secondary amine, com- 
prising contacting said alkanoiamine, said al- 
45 kyleneamine, said aminoalkyialkanolamine and said 
reactive nitrogen-containing base in a reaction zone 
to produce said polyaikylene polyamines in the 
presence of a cataiytleaHy effective amount of an 
amination catalyst and at a temperature and pres- 
50 sure sufficient to form said polyaikylene 
polyamines. 

5. The process as claimed in Claim 4 wherein said 
alkanoiamine is ethanolamine, said alkyleneamine 
is ethylenediamine, said aminoalkyialkanolamine is 

55 aminoethylethanolamine and said reactant (iv) is 
ammonia. 
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6. The process as claimed in Claim 4 wherein said 
reaction is conducted in the vapor phase or super- 
critical phase. 

7. The process as claimed in Claim 4 wherein a 
gaseous diluent is added to said reaction. 

8. The process as claimed in Claim 4 wherein said 
reaction is a continuous reaction. 

9. The process as claimed in Claim 4 wherein said 
reaction is conducted at a pressure of about 200 to 
2,000 psig. 

10. The process as claimed in Claim 4 wherein the 
liquid hourly space velocity of said reactants in 
said reaction is between 0.1 and 100 per hour. 

1 1 . The process as claimed in Claim 4 wherein, in 
said reaction, when said amination catalyst is a 
reductive amination catalyst, the temperature is be- 
tween 150° and 235°C. 

1 2. The process as claimed in Claim 4 wherein, in 
said reaction, when said amination catalyst is a 
phosphorus-containing catalyst, the temperature is 
between 220° and 350 °C. 

13. The process as claimed in Claim 4 wherein 
said amination catalyst is a reductive amination 
catalyst. 

14. The process as claimed in Claim 13 wherein 
said reductive amination catalyst is comprised of 
nickel impregnated on a conventional catalyst sup- 

• port material. 

15. The process as claimed in Claim 14 wherein 
said reductive amination catalyst is comprised of 
nickel impregnated on a support material selected 
from the group consisting of alumina, silica, silica- 
alumina, diatomaceous earth, silica-titania and mix- 
tures of at least two members of such group. 

16. The process as claimed in Claim 15 wherein a 
small percentage of rhenium and boron is present 
in said nickel. 

17. The process as claimed in Claim 4 wherein 
said amination catalyst is a phosphorus-containing 
catalyst 

18. The process as claimed in Claim 17 wherein 
said phosphorus-containing catalyst is a phospho- 
rus acid or a phosphorus acid derivative com- 
pound. 

19. The process as claimed in Claim 17 wherein 
phosphorus-containing catalyst is a metal phos- 
phate catalyst. 

20. The process as claimed in Claim 17 wherein 
said metal phosphate catalyst is a metal acid phos- 
phate catiayst. 

21. The process as claimed in Claim 18 wherein 
said metal acid phosphate catalyst is a solid, in- 
soluble, metal acid phosphate catalyst. 

22. The process as claimed in Claim 19 wherein 
said metal acid phosphate is a Group IIIB metal 
acid phosphate, a Group IIIB metaJ monohydrogen 



phosphate or a Group IIIB dihydrogen phosphate, 
and wherein said Group MB metal is scandium, 
_ yttrium, lanthanum or a rare earth larithanide having 
an atomic number from 58 to 71. 
5 23. The process as claimed in Claim 20 wherein 
said metal acid phosphate catalyst is a Group IIA 
metal acid phosphate catalyst or a Group IVB met- 
al acid phosphate catalyst. 

24. Process for preparing polyalkylene polyamines 

* 

io comprising: 

(a) contacting in a first reaction zone (i) an 
alkanolamine having at least one amino group 
and (ii) a reactive nitrogen-containing base se- 
lected from the group consisting of ammonia, 

is a primary amine and a secondary amine, to 

produce an alkyleneamine having at least two 
amino groups, and an oxygenated organic 
amine compound other than said alkanolamine 
(i), in the presence of a catalyticaily effective 

20 amount of a reductive amination catalyst and 

at a temperature and pressure sufficient to 
form said alkyleneamine and said oxygenated 
organic amine compound; and 

(b) contacting in another reaction zone at least 
25 a part of said reaction product stream (a) 

comprising said alkyleneamine, said oxygenat- 
ed organic amine compound, said unreacted 
alkanolamine and said unreacted reactive 
nitrogen-containing base to . produce said 
30 polyaJkylene polyamines in the presence of a 

catalyticaily effective amount of an amination 
catalyst and at a temperature and pressure 
sufficient to form said polyalkylene 
polyamines. 

35 

25. The process as claimed in Claim 24 wherein an 
alkyleneamine having at least two amino groups is 
included in the feed to said reaction zone (a). 

26. The process as claimed in Claim 24 wherein 
40 said amination catalyst in step (b) is a reductive 

amination catalyst 

27. The process as claimed in Claim 24 wherein 
said amination catalyst in step (b) is a phosphorus- 
containing catalyst. 

45 28. Process for preparing polyalkylene polyamines 
comprisng: 

(a) contacting in a first reaction zone (i) an 
alkanolamine having at least one amino group 
and (ii) a reactive nitrogen-base compound 

so selected from the group consisting of ammo- 

nia, a primary amine and a secondary amine, 
to produce an alkyleneamine having at least 
two amino groups and an aminoaikylai- 
kanolamine in the presence of a catalyticaily 

55 effective amount of a reductive amination cata- 

lyst and at a temperature and pressure suffi- 
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cient to form said alkylenearnine and said 
aminoaikylaikanolamine; and 
(b) contacting in another reaction zone at least 
a part of said reaction product stream (a) 
comprising said alkylenearnine, said aminoai- 
kylaikanolamine, said unreacted alkanolamine 
and said unreacted reactive nitrogen-contain- 
ing base to produce said poiyaikyiene 
polyamines in the presence of a catalytically 
effective amount of an ami nation catalyst and 
at a temperature and pressure sufficient to 
form said poiyaikyiene polyamines. 

■ 

29. The process as claimed in Claim 28 wherein an 
alkylenearnine having at least two amino groups is 
included in the feed to said reaction zone (a). 

30. The process as claimed in Claim 28 wherein 
said alkanolamine is ethanolamine, wherein said 
alkylenearnine is ethylenediamine and wherein am- 
monia is used. 

31. The process as claimed in Claim 28 wherein 
said reaction (a) is conducted in the vapor phase or 
supercritical phase. 

32. The process as claimed in Claim 28 wherein a 
gaseous diluent is added to said reaction (a). 

33. The process as claimed in Claim 28 wherein 
said reactions (a), and (b) are continuous reactions. 

34. The process as claimed in Claim 28 wherein 
said animation catalyst in reaction (a) is a reductive 
amination catalyst. 

35. The process as claimed in Claim 34 wherein 
said reductive amination catalyst is comprised of 
nickel impregnated on a conventional catalyst sup- 
port material. 

36. The process as claimed in Claim 34 wherein 
said reductive amination catalyst is comprised of 
nickel impregnated on a support material selected 
from the group consisting of alumina, silica, silica- 
alumina, diatomaceous earth, siiica-titania and mix- 
tures of at least two members of such group. 

37. The process as claimed in Claim 36 wherein a 
small percentage of rhenium and boron is present 
in said nickel. 

38. The process as claimed in Claim 36 wherein 
said reaction (a) is conducted at a presure of about 
200 to 2,000 psig. 

39. The process as claimed in Claim 36 wherein 
the liquid hourly space velocity of said reactants in 
said reaction (a) is between 0.1 and 100 per hour. 

40. The process as claimed in Claim 28 wherein, in 
said reaction (a) the temperature is between 150° 
and 235 °C. 

41. The process as claimed in Claim 28 wherein, in 
said second reaction (b), said alkylenediamine is 
ethylenediamine, said alkanolamine is 
ethanolamine, and said aminoaikylaikanolamine is 



aminoethylethanolamine and wherein ammonia is 
used. 

42. The process as claimed in Claim 28 wherein 
the liquid hourly space velocity of said reactants in 

5 said reaction (b) is between 0.1 and 100 per hour. 

43. The process as claimed in Claim 28 wherein 
said reaction (b) is conducted in the vapor phase or 
supercritical phase. 

44. The process as claimed in Claim 28 wherein 
70 said reaction (b) is conducted at a pressure of 

about 200 to about 2,000 psig. 

45. The process as claimed in Claim 28 wherein, in 
said reaction (b), when said amination catalyst is a 
reductive amination catalyst, the temperature is be- 

75 tween 150° and 235 °C. 

46. The process as claimed in Claim 28 wherein, in 
said reaction (b), when said amination catalyst is a 
phosphorus-containing catalyst, the temperature is 
between 220° and 350°C. 

20 47. The process as claimed in Claim 28 wherein 
said amination catalyst in said reaction (b) is a 
reductive amination catalyst. 

48. The process as claimed in Claim 47 wherein 
said reductive amination catalyst is comprised of 

25 nickel impregnated on a conventional catalyst sup- 
port material. 

49. The process as claimed in claim 47 wherein 
said reductive amination catalyst is comprised of 
nickel impregnated on a support material selected 

30 • from the group consisting of alumina, silica, silica- 
alumina, diatomaceous earth, siiica-titania and mix- 
tures of at least two members of such group. 

50. The process as claimed in Claim 49 wherein a 
small percentage of rhenium and boron are present 

35 in said nickel. 

51. The process as claimed in Claim 28 wherein 
said amination catalyst in said reaction (b) is a 
phosphorus-containing catalyst 

52. The process as claimed in Claim 51 wherein 
40 said phosphorus-containing catalyst is a phospho- 
rus acid or a phosphorus acid derivative com- 
pound. 

53. The process as claimed in Claim 51 wherein 
phosphorus-containing catalysts is a metal phos- 

45 phate catalyst 

54. The process as claimed in Claim 53 wherein 
said metal phosphate catalyst is a metal acid phos- 
phate catalyst. 

55. The process as claimed in Claim 54 wherein 
so said metal acid phosphate catalyst is a solid, in- 
soluble, metal acid phosphate catalyst. 

56. The process as claimed in Claim 55 wherein 
said metal acid phosphate is a Group IIIB metal 
acid phosphate, a Group IIIB metal monohydrogen 

55 phosphate or a Group IIIB dihydrogen phosphate, 
and wherein said Group IIIB metal is scandium, 
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yttrium, lanthanum or a rare earth lanthanide having 
an atomic number from 58 to 71. 

57. The process as claimed in Claim 54 wherein 
said metaJ acid phosphate catalyst is a Group IIA 
metal acid phosphate catalyst or a Group IVB met- 
al acid phosphate catalyst. 

58. Process for affecting the molecular range and 
distribution of polyalkylene polyamines, comprising: 

(a) contacting an alkyieneamine having at least 
two amino groups, an aJkanoiamine having at 
least one amino group, a reactive nitrogen- 
containing base selected from the group con- 
sisting of ammonia, a primary amine and a 
secondary amine, and a stream containing an 
oxygenated organic amine compound other 
than said alkanoiamine, in a reactor in the 
presence of a catalytically effective amount of 
an amination catalyst and at a temperature 
and pressure sufficient to form said polyal- 
kylene polyamines; 

(b) separating at least a part of said al- 
kyleneamine as a separate component, and/or 
at least a part of said alkanoiamine as a sepa- 
rate component, and/or a separate feed con- 
taining at least a part of said oxygenated or- 
ganic amine compound, and/or at least a part 
of said polyalkylene polyamines as a separate 
component from at least a part of said reaction 
stream (a); and 

(c) recycling at least part of said separated 
alkanoiamine to said reaction (a), thereby af- 
fecting the molecular range and distribution of 
said polyalkylene polyamines product in said 
reaction (a) as desired; and/or 

(d) recycling at least part of said separated 
alkyieneamine to said reaction (a), thereby af- 
fecting the molecular range and distribution of 
said polyalkylene polyamines produced in said 
reaction (a) as desired; and/or 

(e) recycling at least part of said separated 
stream containing said oxygenated organic 
amine compound to said reaction (a), thereby 
affecting the molecular range and distribution 
of said polyalkylene polyamines produced in 
said reaction (a) as desired. 

59. The process as claimed in Claim 58 wherein an 
alkyieneamine having at least two amino groups is 
included in the feed to said reaction zone (a). 

60. The process as claimed in Claim 58 wherein 
said amination catalyst in step (b) is a reductive 
amination catalyst 

61. The process as claimed in Claim 58 wherein 
said amination catalyst in step (b) is a phosphorus- 
containing catalyst 

62. Process for affecting the molecular range and 



distribution of polyalkylene polyamines, comprising: 

(a) contacting an alkyieneamine having at least 
two amino groups, an alkanoiamine having at 
least one amino group, a reactive nitrogen- 

s containing base selected from the group con- 

sisting of ammonia, a primary amine and a 
secondary amine, and a stream containing 
aminoalkylalkanolamine, in a reactor in the 
presence of a catalytically effective amount of 

70 an amination catalyst and at a temperature 

and pressure sufficient to form said polyal- 
kylene polyamines; 

(b) separating at least part of said al- 
kyieneamine as a separate component at 

75 least part of said alkanoiamine as a separate 

component, a separate feed containing at least 
part of the aminoalkylalkanolamine, and at 
least part of said polyalkylene polyamines as a 
separate component from, at least a part of 

20 said reaction stream (a); and 

(c) recycling at least part of said separated 
alkanoiamine to said reaction (a), thereby af- 
fecting the molecular range and distribution of 
said polyalkylene polyamines product in said 

25 reaction (a) as desired; and/or 

(d) recycling at least part of said separated 
alkyieneamine to said reaction (a), thereby af- 
fecting the molecular range and distribution ef 
said polyalkylene polyamines produced in said 

30 reaction (a) as desired; and/or 

(e) recycling at least part of said separated 
stream containing aminoalkyiaJkanolamine to 
said reaction (a) thereby affecting the molecu- 
lar range and distribution of said polyalkylene 

35 polyamines produced in said reaction (a) as 

desired. 

63. The process as claimed in Claim 62 wherein an 
alkyieneamine having at least two amino groups is 

40 included in the feed to said reaction zone (a). 

64. The process as claimed in Claim 62 wherein 
said amination catalyst in step (b) is a reductive 
amination catalyst. 

65. The process as claimed in Claim 62 wherein 
45 said amination catalyst in step (b) is a phosphorus- 
containing catalyst 

66. Process for affecting the molecular range and 
distribution of polyalkylene polyamines prepared 
from a feed composed of an alkanoiamine having 

so at least one amine group and a reactive nitrogen- 
containing base selected from the group consisting 
of ammonia or a primary amine or a secondary 
amine, comprising: 

(a) contacting in a first reaction zone said 
55 reactive alkanoiamine and said nitrogen-con- 

taining base to produce an aikyienearnine hav- 
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ing at least two amino groups and an aminoal- 
kylaikanolamine in the presence of a catalyt- 
ically effective amount of a reductive anima- 
tion catalyst and at a temperature and pres- 
sure sufficient to form said alkyieneamine and 
said aminoalkylaikanolamine; 

(b) contacting in another reaction zone said 
alkyieneamine, said aminoalkylaikanolamine, 
said unreacted alkanolamine and said unreac- 
ted reactive nitrogen-containing base to pro- 
duce said polyaJkylene polyamines in the 
presence of a catalytically effective amount of 
an amination catalyst and at a temperature 
and pressure sufficient to form said polyaJ- 
kylene polyamines; 

(c) recycling at least part of said reaction 
stream (b) to said reaction (a) and/or said 
reaction (b); and/or 

(d) separating at least a part of said al- 
kylenamine as a separate component, at least 
a part of said alkanolamine as a separate 
component and at least a part of said poiyai- 
kylene polyamines as a separate component 
from at least a part of said reaction stream (b); 
and 

(e) recycling at least part of said separated 
alkanolamine to said reaction (a), thereby af- 
fecting the molecular range and distribution of 
said polyalkylene polyamines product in said 
reaction (b) as desired; and/or 

(f) recycling at least part of said separated 
alkyieneamine to said reaction (b), - thereby 
affecting the molecular range and distribution 
of said polyalkylene polyamines produced in 
sad reaction (b) as desired. 

67. The process as claimed in Claim 66 wherein an 
alkyieneamine having at least two amino groups is 
included in the feed to said reaction zone (a). 

68. The process as claimed in Claim 66 wherein at 
least a part of said separate alkanolamine to said 
reaction (a), thereby affecting the molecular range 
and distribution of said polyalkylene polyamines 
product in said reaction (b) as desired. 

69. The process as claimed in Claim 66 wherein at 
least part of said separated alkyieneamine to said 
reaction (b), thereby affecting the molecular range 
and distribution of said polyalkylene polyamines 
produced in said reaction (b) as desired. 

70. The process as claimed in Claim 66 wherein at 
least a part of said separated alkanolamine to said 
reaction (a) and at least part of said separated 
alkylenamine to said reaction (b), thereby affecting 
the molecular range and distribution of said polyal- 
kylene polyamines product in said reaction (b) as 
desired. 
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71. The process as claimed in Claim 66 wherein 
said separation (d) is conducted using distillation. 

72. The process as claimed in Claim 66 wherein 
said separation (i) is conducted using a fractional 

5 distillation column with said polyalkylene 
polyamines coming off of the bottom of said col- 
umn and with said alkanolamine and said al- 
kyieneamine coming off of the top portion of said 
column as separate components. 

10 73. The process as claimed in Claim 66 wherein 
said reaction (a) is conducted in the vapor phase or 
supercritical phase. 

74. The process as claimed in Claim 66 wherein 
said reaction (a) is conducted at a pressure of 

75 about 200 to 2,000 psig. 

75. The process as claimed in Claim 66 wherein 
the liquid hourly space velocity of said reactants in 
said reaction (a) is between 0.1 and 100 per hour 
of said reactants. 

20 76. The process as claimed in Claim 66 wherein, in 
said reaction (a) the temperature is between 150° 
and 235 °C. 

77. The process as claimed in Claim 66 wherein 
the liquid hourly space velocity of said reactants in 

25 said reaction (b) is between 0.1 to 100 per hour of 
reactants. 

78. The process as claimed in Claim 66 wherein, in 
said reaction (b), said amination catalyst is a said 
phosphorus-containing catalyst. 

-30 79. The process as claimed in Claim 78 wherein 
the reaction temperature is between 220° and 
350 °C. 

80. The process as claimed in Claim 66 wherein 
said reaction (b) is conducted in the vapor phase or 

35 supercritical phase. 

81. The process as claimed in Claim 66 wherein, in 
said reaction (b), said amination the catalyst is a 
reductive amination catalyst. 

82. The process as claimed in Claim 81 wherein 
40 the reaction temperature is between 150° and 

235 °C. 

83. The process as claimed in Claim 66 wherein 
reaction (b) is conducted at a pressure of 200 to 
2,000 psig. 

45 84. Process for obtaining a specified range and 
distribution of polyalkylene polyamines prepared 
from a feed composed of (i) an alkanolamine hav- 
ing at least one amino group, (ii) an alkyieneamine 
having at least two amino groups, (iii) an aminoal- 

50 kylaikanolamine and (iv) a reactive nitrogen-con- 
taining base selected from the group consisting of 
ammonia, a primary amine and a secondary amine, 
comprising: 

(a) contacting said alkanolamine, said al- 
55 kyleneamine, said aminoalkylaikanolamine and 

said reactive nitrogen-containing base to pro- 
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duce said polyalkylene polyamines in the 
presence of a catalytically effective amount of 
an amination catalyst and at a temperature 
and pressure sufficient to form said polyal- 
kylene polyamines; and 

(b) before and/or during reation step (a), ad- 
justing the amount of said alkanolamine, said 
ammonia, said aminoalkyfalkanolamine and 
said aikyleneamine in said feed, relative to 
each other, whereby said specified molecular 
range and distribution of said polyalkylene 
polyamines formed in said reaction (a) is ob- 
tained. 

85. The process as claimed in Claim 84 wherein 
the adjustment in step (b) is achieved by changing 
the relative amount of said alkanolamine. 

86. The process as claimed in Claim 84 wherein 
the adjustment in step (b) is achieved by changing 
the relative amount of said aikylenediamine. 

87. The process as claimed in Claim 84 wherein 
said alkanolamine is ethanolamine, said ai- 
kyleneamine is ethylenediamine, said aminoaikyial- 
kanolamine is aminoethylethanolamine and said 
reactant (iv) is ammonia. 

88. The process as claimed in Claim 84 wherein 
the mole ratio of noncyclic polyalkylene 
polyamines to cyclic polyalkylene polyamines is 
increased by increasing the reactor pressure by 
increasing the amount of ammonia and/or hydrogen 
and/or water in the reactor feed. 

89. The process as claimed in Claim 88 wherein 
said amination catalyst in step (b) is a reductive 
amination catalyst 

90. The process as claimed in Claim 88 wherein 
said amination catalyst in step (b) is a phosphorus- 
containging catalyst 

91 . Process for the production of higher molecular 
weight polyalkylene polyamines from a feed which 



includes oxygen-containing higher molecular 
weight polyalkylene polyamines, comprising con- 
tacting said oxygen-containing higher molecular 
weight polyalkylene polyamines with an al- 

5 kyleneamine having at least two amino groups in 
the presence of a catalytically effective amount of 
an amination catalyst at a temperature and pres- 
sure effective to produce said higher molecular 
polyalkylene polyamines. 

io 92. The process as claimed in Claim 91 wherein 
ammonia is added to said reaction step. 
93. The process as claimed in Claim 91 wherein 
said higher molecular weight polyalkylene 
polyamines have at least four amino groups. 

75 94. The process as claimed in Claim 91 wherein 
said oxygen-containing higher molecular weight 
polyethylene polyamines are hydrcxyf-c ontai t un g 
higher molecular weight polyethylene polyamines. 
95. The process as claimed in Claim 94 wherein 

20 said oxygen-containing higher molecular weight 
polyethylene polyamines feed is at least part of the 
. bottoms portions obtained from a distillation col- 
umn for separating at least part of 
diethylenetriamine from said bottoms portion. 

25 96. The process as claimed in Claim 94 wherein at 
least part of the reaction mixture from said reaction 
step are separated using , a batch still into a stream 
containing said at least part of higher molecular 
weight polyethylene polyamines and a stream at 

30 least part of containing water and ethylenediamine. 

97. The process as claimed in Claim 96 wherein at 
least part of said stream containing water and 
ethylenediamine is recycled to said reaction step. 

98. The process as claimed in Claim 81 wherein 
35 said amination catalyst in step (b) is a reductive 

amination catalyst 

99. The process as claimed in Claim 91 wherein 
said amination catalyst in step (b) is a phosphorus- 
containing catalyst. 
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© Conversion of oxygen-containing polyamines. 



© Process for preparing poly alky lene polyamines 
by contacting an aJkanolamine, such as, 
ethanolamine, and a reactive nitrogen-containing 
base which is ammonia or a primary or secondary 
amine, in a first reactor to produce an ai- 
kyleneamine, such as, ethylenediamine, and an 
aminoaikylalkanoiamine, such as, 

aminoethyiethanolamine, in the presence of a cata- 
PJlytically effective amount of an amination catalyst 
"and at a temperature and pressure sufficient to form 
f— the aikyleneamine and aminoaikylalkanoiamine. Then 
t"*the aikyleneamine, aminoaikylalkanoiamine, unreac- 
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ted alkanolamine and unreacted nitrogen-containing 
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FIG. 1 



base are reacted in a second reactor to produce the 
polyaikyiene " polyamines, such as, 
diethylenetriamine, in the presence of a catalytically 
effective amount of an amination catalyst, such as, a 
reductive amination catalyst or a phosphorus-con- 
taining catalyst, and at a temperature and pressure 
sufficient to form the polyaikyiene polyamines. Pref- 
erably the phosphorus-containing catalyst is a Group 
IIIB metal acid phosphate. By controlling the relative 
amounts of the feed components, one can achieve a 
desired molecular weight distribution and range In 
the polyaikyiene polyamine product 
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